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Some Recent Developments in the Field of Electron 
Microscopy 


Ralph W. G. Wyckoff 
National Institute of Health, Bethesda, Maryland 


TIS A COMMONPLACE TO SAY that experi- 
mental seience is the systematic observation of 
nature and the attempt to set the observations 

hus made into an interrelated and logically consistent 
cheme. For this, contact with the outside world is 
rough our senses, vith vision bearing the over- 
‘helming burden. When, in its early days, physics 
‘as concerned with the properties and behavior of 

iatter in bulk, the unaided human eye was usually 
n adequate instrument. But the moment science be- 
Ban to oceupy itself with the fine structure of matter, 
Dcrease in knowledge became intimately geared to our 
4 bility to design and build instruments that would 
Supplement, enhance, and refine our perceptions. It 
Was thus inevitable that in penetrating more and more 















Meeply into the strueture of matter the path between 
What is finally perceived and the phenomenon of na- 
wre that initiated the perception should become more 
t rtuous and the intelleetual chain involved in its in- 
While it is undoubtedly 
great intelleetual satisfaction to devise and operate 


rpretation more complex. 


Successfully such complex approaches to the seerets of 
Mature, we sometimes lose sight of the fact that this 
@ouplexity is not in itself desirable, that it inevitably 
; mits the range and clarity of our view, and that 
Wiformation derived in a cireuitous fashion is always 
me upon the hard way and is increasingly subject to 
@ror. Therefore, anything that euts the path be- 
Neen what is seen and what originates the perception 
bound to broaden and simplify our understanding. 
le electron mieroseope is of the greatest importance 
mply because it has made unexpectedly direct our 
erception of a world of things which we have felt 
rtain existed but knew to be too small ever to be 
en with any form of light. 

It is hard to realize the great extent of the miero- 
brid thus opened up. Several 


investigators have 


Paper read at the evening meeting of the Electron 
croscope Society of America, Princeton, New 
tsey, 30 November 1945. 


worked for a generation in developing an ultraviolet 
microscopy that cannot reveal particles smaller than 
half those to be seen with visible light. In theory, 
the electron microscope can delineate particles a thou- 
sand times smaller; and, though they are searcely 10 
years old, such microscopes have already extended 
our vision a hundredfold. In taking this step we 
span that range of organized matter which extends 
from the animate to the lifeless and which must be 
understood as a basis of what we intuitively mean by 
“living”; at the same time we acquire the ability to 
“see” the larger of the molecules that are the basie 
units of chemistry. It rarely happens that any new 
experimental technique allows as direct an approach 
to the problems of a single science as the electron 
microscope thus gives to the fundamentals of both 


chemistry and biology. 


PROBLEMS OF ELECTRON MICROSCOPY 


The problems of a developing electron microscopy 
are threefold. The first is coneerned with the design 
of electron lenses and their combination to produce 
the best attainable microscopes. The second involves 
a eareful and thorough examination of the fine strue- 
ture of biologieal and chemical substances with these 
instruments. The third set of problems deals with 
the applieation of knowledge gained in this fashion 
to such practical matters as the size of the submicro- 
seopie particles in smokes, pigments, and mine dusts, 
or the relationships between structure and properties 
in materials as diverse as metallie alloys and natural 
and synthetie fibers. The diseussion that follows is 
devoted mainly to the second group of problems. 

Those interested in the eleetron microscope as an 
approach to the microstructure of matter need have 
a less intimate preoccupation with its development 
than was the ease a few years ago. Early experi- 
mentation with a variety of designs—for emission 
microscopes and seattered-eleetron, ineluding dark- 
field, microscopes and for microscopy at various volt- 
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ages, to choose a few examples—has served to indicate 
pretty clearly the basic requirements of the kind of 
instrument needed to meet present problems. Also, 
commercial mieroseopes are already available which 
are far better than we could build if we had the faeili- 
ties and inclination to try to do so. This does not 
mean that the existing instruments are ideal or utilize 
to the full the theoretical potentialities of microscopy 
with electrons, for it is inconceivable that an instru- 
ment so new and complicated will not undergo large- 
seale and perhaps revolutionary changes in design and 
construction as we learn better how to use it, what its 
rewarding uses are, and how best to make its lenses. 
It will indeed be a misfortune if such changes do not 
come about. But for those who are microscopists 
rather than specialists in electron opties, the impor- 
tant thing is that there is ready at hand an instrument 
whose possibilities have as yet been little explored. 
Too often seientifie instruments become commercially 
available only after their most important potentialities 
for research have been exploited. 


TYPES OF ELECTRON-MICROSCOPIC OBJECTS 


The fundamental properties of electrons place cer- 
tain restrictions upon what ean profitably be examined 
in the electron microscope. Preparations must be 
looked at in vacuo, and they must be unusually thin. 
With this in mind, it is convenient to group objects 
for electron microscopy into three general classes: (1) 
sections eut from tissues and other materials; (2) 
ultrathin replicas of the surfaces of thick objects; and 
(3) suspensions of small cellular elements and of par- 
of colloidal and macromolecular dimensions. 
Each of these has its own problems of technique, and 


ticles 


electron microscopy as a whole is still in that early 
stage of development where both the direction and the 
rapidity of its growth are determined largely by the 
evolution of these techniques. 


Electron Microscopy of Tissues 


Many promising biological and medical applications 
of the electron microscope depend on the satisfactory 
development of ways of eutting and handling the thin 
sections referred to under (1) and of differential 
stains for the sections thus prepared. For their 
micrographs to be valuable, biological sections must 
be less than .5 micron thick; sections from heavier 
In the hands 
of very experienced operators the best available micro- 
tomes will eut down to .5 micron, but this involves 
pushing both instrument and skill to such a degree 
that other and novel procedures are obviously called 
for. The first to be suggested, by Von Ardenne, in- 
volved cutting wedge-shaped, instead of the usual flat, 


materials will have to be still thinner. 
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sections. He showed that this could be done and pu), 
lished illustrative pictures. This method appears { 


have been little used in Germany, and a trial alow — 


similar lines by Richards, Anderson, and Hance hy 


not been followed up. In this country most of th) — 


emphasis has been put on the development of a micy 
tome to cut ultrathin sections. Such an instrumey 


as suggested by O’Brien and McKinley and made j) — 


usable form by Ladd and Braendle and by Fullam ay 
Gessler, is characterized by having a thin, instead ¢ 
the usual massive, cutting blade put at the rapid) 
moving periphery of a rotor. It permits a total} 
new approach to many problems of cellular structw 
and is of the greatest importance for the future | 
electron microscopy. An enormous amount of care; 
work will be required to recognize many of the stry 
tures in sectioned tissue and to provide adequate inte 
pretations of what is seen. Nevertheless, there 
important problems that ean be approached with « 
surance of immediately suggestive results. Thus, : 
spite of the discouraging early micrographs of x 
tioned muscle, the beautiful recent photographs of 1: 
lated tendon and muscle fibers by Schmitt, Jakus, w 
Hall demonstrate the extraordinary internal regulz 
ity that exists and that undoubtedly can be made 4 
parent in satisfactorily sectioned tissues. Sectia 
through other fibrous and elastic materials, such : 
natural and synthetic rubbers, and plastics, will : 
evitably throw light on both their inner structure « 
what happens during their formation. It is hop 
that the electron microscope will eventually make 
the kind of organization that must be present wit! 
the nuclei of cells. Attempts to observe chromosou 
structure have not yet been rewarding, but progress! 
this direction should follow their photography in * 
tion. Another problem that can now be attacked wi 
great profit concerns the morphology and manner 
growth of viruses within the cells they infect. Mo 
virus preparations thus far examined with the elect? 
microscope have been purified, in the centrifuge 
otherwise. A knowledge of their morphology un 
these cireumstanees is a necessary but not a suffice 
step, since procedures that purify are by their natl 
seleetive and ones that separate virus from the mat! 
in which it is produced. The electron micrographiy 
sections through virus-infected cells must lead to 
rapid increase in our understanding of how their / 
ticles are produced. 

Stereoscopic microscopy will be especially help: 
in bringing out the spatial relationships between ‘ 
tails seen in sectioned material. Since its introdl 
tion in 1940 this technique has been used with st” 
ing results upon such diverse objects as small erysté 
bacteria, diatoms, the wings and tracheae of inse 
and surface replicas of metallographic preparatit! 
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Micrographs. 


trons which were condensed into an 
fated, the electrons could be either photo- or thermally 
@pitted, or they could be electrons from a secondary 





Mepiiann in 1940. 


OBuvar by Schaefer 
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id of teeth. The ingenious reproductions of these 
ereoscopie micrographs, using polaroid, are espe- 
ally useful for teaching and demonstration purposes. 
A recent paper by Porter, Claude, and Fullam in- 
oduces another promising way of studying tissue 
lls. This involves their growth in culture under 
nditions giving single-cell spreads thin enough for 
rect electron photography. The pictures already 
blished show that, where such extended sheets of 
lis can be grown, they yield excellent and instructive 
This is another technique applicable to 
problem of how viruses grow and muitiply. 


Electron Microscopy of Surfaces 


PSeveral ways have been devised for the electron- 


Gcrographic examination of surfaces. In early work 
he surface being studied was made a source of elee- 
“image” of the 
Depending on the material being investi- 


mrce after differential scattering from the surface 
question. Though these procedures have been, and 
| continue to be, helpful in the solution of such spe- 


fal problems as the electron emissivity of tungsten 
OF oxide-coated surfaces, they have an obviously lim- 


( applicability. Closely related to the scattered- 


@ectron type of microseopy is the “dark-field” micros- 


y which forms images from the electrons scattered 
The German 
Some 
p striking in appearance, but they do not seem to 


transmission through a specimen. 
brature contains many “dark-field” pictures. 


e as much information as corresponding bright-field 
lographs, and it is not certain how much use ean 
made of them. 


Whe fine structure of the surfaces of many solids 
fap }e investigated by preparing replicas thin enough 


f transmission microscopy. The first replicas of 
s sort were described by Mahl and by Koch and 
In this country replica work was 
ited by Zworykin and Ramberg. 

e made of shellac, collodion, and other plasties, of 
fer and beryllium, and of oxide produced by ano- 
Mig an aluminum surface. The polystyrene-silica 
M@thod of Heidenreich and Peck and the use of 
and Harker advanced the art by 

viding convenient ways to study surfaces without 
aMaging them. 


Early replicas 


Formvar and other simple plastic 
ap! ic: as produce relatively little contrast in their 
pe and therefore reveal little of the fine 
il they may contain. More eontrast is obtained 
the poly styrene-silica method, but these replicas too 
© certain limitations: (1) Since a polystyrene east 
ormed at elevated temperatures and pressures, it 
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has a restricted application to many biological mate- 
rials or to other objects whose position, form, or com- 
position interferes with making such pressure easts; 
and (2), though silica gives better contrast, its appar- 
ent migration after deposition often makes equivocal 
the interpretation of fine detail. 

Collodion replicas have not been much used until 
lately because little sharply contrasting detail can 
be seen directly on them. It has generally been as- 
sumed that this is due to the fact that collodion does 
not give a faithful small-scale reproduction of sur- 
face detail. Metal shadowing, as developed over the 
last two years by Williams and Wyckoff, has indi- 
eated that this is not the case but that, on the con- 
trary, properly made ecollodion or formvar replicas 
reproduce fine structure all the way down to molec- 
Since plastic replicas formed from 
solution are especially easy to prepare and ean be 
taken from fragile and relatively inaccessible 
faces, and since metal shadowing brings out the detail 
on them, such shadowed ecollodion or formvar replicas 
are applicable to many problems. Evidently tech- 
niques are now at hand for teaching much that is 
of metals, etched for metallo- 
graphie analysis, machined in various ways, corroded, 


ular dimensions. 


sur- 


new about the surfaces 
or worn by use; of glass and ceramics during and 
after a variety of chemical and physical treatments; 
of erystals found in nature or prepared in the lab- 
oratory; of many biological structures, as large 
cells, microorganisms, and teeth; as well as of macro- 
molecules distributed over a relatively smooth surface. 


such 


Electron Microscopy of Particulate Suspensions 


To many, the overwhelming attraction of the elee- 
tron microscope lies in the unique opportunity it 
offers for actually seeing big molecules. Partly for 
this reason and partly because relatively simple tech- 
niques of observation are required, much effort has 
already gone into the study of suspensions of small 
and submicroseopie objects. Information has been 
sought about the size distribution in many inorganic 
colloidal materials, such as gold and other metallic 
sols, clays, carbons, pigments, dusts, and smokes, and 
many practically helpful results have come out of this 
work. 

Suspensions of microorganisms, like colloids, have 
been the subjects for numerous electron micrographs. 
Bacteria were among the first objects to be examined, 
a first photograph having been published by Marton 
as early as 1937. The morphological survey of vari- 
ous baeterial species which has followed, and which 
is as yet far from complete, is a necessary preliminary 
to other uses of the electron microseope by bacteri- 


ologists. Some have expressed disappointment with 
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what the microscope has shown about bacteria, and 
there have indeed been no exciting discoveries about 
the fundamental properties of their nuclear and pro- 
toplasmic struetures. Perhaps the inevitable improve- 
ments that will come about in ways of handling and 
preparing these relatively large objects will sometime 
give sensationally interesting results, but whether this 
happens or not, sound morphological studies, repeated 
if necessary with each advance in technique, are neces- 
sary. This is equally true for other microorganisms, 
both larger and smaller than bacteria. There have 
been investigations of spirochetes, such as those of 
syphilis and infectious jaundice; but serious studies 
of many other interesting large microorganisms, such 
as molds and the malarial parasite, remain to be made. 
Nor has much yet been published about the especially 
small organisms, like the highly pleomorphie causative 
agent of pleuropneumonia or the infectious units of 
trachoma, psittacosis, and related diseases, that lie 
between bacteria and viruses. Their very minuteness, 
which renders observation by classical methods so 
difficult, makes them particularly desirable objects for 
electron microscopy. 


The electron microscope offers a new way to investi- 
gate the chemical and immunological reactions of bac- 
teria and bacterial products. Except for photographs 
of the capsules of pneumococci and of bacterial cellu- 
lose, the products of bacterial metabolism remain to 
be investigated; and only preliminary papers have 
appeared dealing with the potentially fruitful field of 
the mechanism of the action of antibiotics and germi- 
Electron microscopy is a direet 
approach to the mechanism of the reaction that oceurs 
between an antigen and its antibody. Here again, 
existing work is of a preliminary character, being re- 
stricted mainly to a demonstration that the reaction 


cides on bacteria. 


is discernible in electron-microscopie preparations. 
Thus, Mudd and Anderson have shown the change in 
appearance of typhoid and other bacteria in the pres- 
ence of their antisubstances, the apparent thickening 
of flagella by flagellar antibodies, and the capsular 
swelling that takes place when a pneumococecus is 
mixed with its antibody. For the improvement of 
vaccine and serum production, as well as for more 
fundamental reasons, it is important to separate and 
purify from one another the various antigens asso- 
ciated with a bacterium. The ability of the electron 
microscope to make evident macromolecules means 
that the larger of these antigenic components can be 
photographed; Shepard and Wyckoff have in this way 
“seen” what is presumably the soluble antigen of 
typhus and its reaction with antirickettsial serum. 
This method of study can be applied to many prob- 
lems in bacteriology. 

A most interesting group of isolated objects larger 
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than bacteria are not microorganisms but suspensig, ] 
of cells and tissue elements, of both plants and a ~ 
In connection with a study of the clotting; 
blood, early photographs of platelets and of the wa — 


mals. 


of erythrocytes were published. Claude and Ful; 


have photographed spherical elements from the ey — 
plasm of leukemic cells from the rat which they q@ ~ 
Preliminary pictur — 


sidered to be mitochondria. 
have also been taken, both in this country and abroy 


of the analogous chloroplasts from plant leaf ¢| — 
Spermatozoa have been photographed and their tg 7 


found to have a fibrillar structure. An early exar 
nation was made of the fine details of bird feathe 
and “ragments of the chitinous shells of  inse¢ 
Especially suggestive for further work is the obs 
vation of a fine structure, resembling that of collag: 
in photographs of iridescent insect scales. But 
was not found in nerve axoplasm of the squid, : 
has it been seen yet in isolated chromosomes and ot: 
nuclear material from cells. 

The most impressive demonstration thus far 
structure within tissue elements results from tue stu 
by Schmitt and his co-workers of separated phosp! 
tungstie acid-stained fibers of tendon and the coor 
nation of this electron-microscopic structure with’ 
X-ray diffraction effects it produces. This regular 
independent of width, is seen in fibers whose cr 
section grades downwards to the limit of visib: 
with present-day eleetron microscopes. Evidentl} 
are dealing here with elements that approach | 
fibrous protein units. Electron-microscopieally vis 
structure will doubtless be found in other fibrous p 
teins. There is evidence for structure in fibrin, : 
it is clear in the micrographs of separated mu 
fibers and trichoeysts of paramecia. Only a start: 
been made in the eleetron-microscopie analysis of ¥ 
and cellulose. 


Limits OF ELECTRON-MICROSCOPIC VISION 


Two factors dominate the photography of especi' 
small particles and minute details of structure: ¢ 
trast and resolving power. As already stated,’ 
limit of resolution of existing microscopes 1s 
proached only when dealing with particles of mo 
ular dimensions. Contrast is rarely a problem Ww 
photographing smokes, dusts, and elastics like rub 
that do not have to be supported on membranes, ' 
is it often a limiting factor in the photography 
inorganic colloids. But macromolecules are org! 
and hence are composed of light atoms whose sc: 
ing power for electrons is low. There is so | 
matter in these molecules that, especially after 


mounted on supporting membranes, they offer "— 
slight contrast; in practice the lower limit of © 


can be seen clearly is set by such lack of con! 
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ther than by insufficient resolving power in the 
For the satisfactory observation of mae- 
noleeules and of molecular detail in organie mate- 
| it is therefore necessary to have recourse to a 











hining or impregnation that will enhance contrast. 
vo ways of doing this suggest themselves. One, to 
ing out internal structure, is analogous to the eus- 
mary staining of biological material except that a 
ain” for electrons is a substance of great seatter- 
y power. Such chemical staining was involved in 
treatment of collagen with phosphotungstie acid; 
occurs When this or some other protein coagulant— 
a relatively heavy ion, for instance—is added to a 
yus preparation. Williams and Wyckoff have found 
at metal shadowing, involving the oblique deposition 
heavy atoms that do not subsequently migrate over 
p preparation, also acts as a surface stain to in- 
pase the visibility of macromolecules and bring out 
pir shapes. Miiller, in Germany, like ourselves, 
ed the oblique evaporation of metal as a device for 
pasuring the heights of electron-microscopie objects ; 
t he worked with silver which does not give the eon- 
fibuous, essentially grainless, film needed to show fine 
tail and to cause the three-dimensional impression 
We have found useful in outlining particle size and 
SBape. Mahl also tried evaporating chromium onto 
Teplicas, but there,does not appear to have been any 
low-up of this type of work in Germany. 
At present it is impossible to say exactly what is the 
Mallest particle that can be recorded clearly in elee- 
bn micrographs. This question is obviously of vital 
meern to all who are oceupied with the photography 
molecules. Resolving power of an optical system 
commonly defined in terms of its ability to show as 
parate two objects exceedingly close to one another. 
picture published by Von Ardenne contains two 
rticles of colloidal gold separated by not more than 
A.; in another photograph, by Von Borries and 
aska, inorganie particles appear separate, though the 
G@tance between their centers cannot exceed 25 A. 
Wn Ardenne has ealled attention to an image which 
ascribes to a particle no more than 10 A. across— 
BPprrently the smallest anyone has yet claimed to 
Sve seen with the electron microseope. In studying 
blecules one is more interested in the ability of the 
croscope to provide a faithful image of a molecule 
It is not 
nple to tie this up with such a definition of reso- 
10n as the foregoing, but more will be known about 
alter photographs have been made of. several 
blecules of established shape. Even if the foregoing 
presents a somewhat optimistic estimate of the 
pers of the average microscope, we are now in a 
sition to investigate most proteins, both globular 
d fibrous; 


hn in mere indieations of its presence. 


many synthetic long-chain polymers; 
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polysaccharides ineluding dextrins, starches, and cellu- 
lose; and the world of viruses that reaches upward to 
the lower limit of visibility of the optical microscope. 
With the means now at our disposal it is altogether 
probable that many new molecular entities will be dis- 
covered within this region. 


PHOTOGRAPHY OF MACROMOLECULES AND OF VIRUSES 


Attempts to photograph macromolecules began early 
in the history of electron microscopy. The first 
moleeule-like particles to be reeorded were tobacco 
mosaie fibrils, which Kausche and Ruska showed to 
be the elongated fibers now familiar to all. 
other early work on plant viruses by the German 
school was followed by photographs of molecular 
suspensions of hemocyanin, edestin, glycogen, and an 
iodine-containing reaction produet, p-iodobenzoy! gly- 
eogen. Pictures of hemocyanin and edestin molecules, 
by Stanley and Anderson, were the first to appear in 
Since then, excluding studies of rubber, 


This and 


this country. 
collagen, and polymers, whose fibers are not molecules 
in the sense used here, there has been only a limited 
extension of molecular photography. 

Williams and Wyckoff have recently shown that 
metal shadowing permits considerably improved mo- 
lecular photography; and the practical lower limit of 
size of molecules that ean be distinguished is now set 
by the particulate structure of the collodion or other 
To work with the smaller molecules, then, 
must be minimized or a 
not much 


substrate. 
this ecollodion strueture 
smoother substrate found. Formvar is 
smoother, but we have found that its structure or that 
of eollodion can be largely suppressed through re- 
course to a replica technique wherein moiecules on a 
smooth glass surface are shadowed and the resulting 
film backed up with unshadowed plastic. Such rep- 
licas have already delineated molecular particles at 
least as small as 100 A. 

These experiments should be extended in two ob- 
vious directions. One is concerned with photography 
of smaller and smaller molecules; the other involves 
photography of the products of reactions between 
maeromoleeules or of the substitution of heavy atoms 
into such moleeules. The reaction between an antigen 
and its antibody is the best known, and certainly one 
of the most important, intermacromolecular reactions ; 
others deal with the adsorption of colloidal particles 
onto macromolecules, and the polysaecharide-protein, 
lipoid-protein, and nueleie acid-protein combinations 
that are so common in nature. It would be rash to 
try to foretell what the photography of macromolee- 
ular reaction produets will show, but obviously we 
have a new way of examining the denaturation of 
proteins and their change in molecular shape and size 
with changes in pH and under the action of such 
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splitting agents as urea; and it is not unreasonable 
to look forward to the time when we will be able to 
see directly the action of enzymes. 


Shadowed molecular photography permits study of 
the structure of collodion and other reaction and split 
products of cellulose. In a similar way information 
about muscle will come from the photography of its 
extracted protein myosin. Such investigations of 
chemical derivatives will undoubtedly take their place 
alongside studies of mechanically disintegrated and 
sectioned material as approaches to the structure of 
fibrous substances. 


Just as viruses are intermediate in size between 
molecules and microorganisms, so the problems they 
present are partly molecular and partly biological. 
Not only ean the electron microscope define the sizes 
and shapes of elementary virus particles, but it also 
offers a way of examining details of the chemical 
reactions into which they enter and of seeking how 
they originate within their host cells. 


Electron micrographs made of purified viruses show 
particles whose dimensions are in general agreement 
with the results of indirect physicochemical measure- 
ments. Through the work of Krause, Stanley and 
Anderson, Sharp, and others we now have micro- 
graphs of several plant viruses, the eastern and west- 
ern forms of encephalomyelitis, the rabbit papilloma, 
several strains of influenza, vaccinia, and ectromelia. 
Photographs have also been made of infectious ma- 
terial from hoof-and-mouth disease, silkworm jaun- 
dice, human and murine poliomyelitis, chicken pox, 
and herpes. Partly because of the unusual sperm- 
like shape of the particles of some strains, baeterio- 
phages have proved excellent material for electron 
microscopy. 

_ The particles in some of the purified virus prepara- 
tions are uniform in size; with others, size varies 
about a mean. Thus, the spherical particles of the 
bushy stunt plant and the papilloma animal viruses 
appear alike, their diameters being those already 
determined through ultracentrifugation. The spher- 
ical particles of such a virus as influenza, on the 
other hand, are far from uniform as seen under the 
microscope. It is sometimes suggested that such va- 
riation is evidence for a microorganismal, as opposed 
to an essentially molecular, character, but this is not 
a valid argument since similar variations in measured 
size occur among the molecules of a protein like hemo- 
cyanin. This nonuniformity in diameters presents an 
important problem. It may indicate that the mole- 
cules of a protein need not be all alike, or it may be 
a consequence of an irregular shrinkage or desiccation 
of particles strongly hydrated in solution. This will 


be answered when we have enough accurately mea- 
sured micrographs of several kinds of molecules and 


SCIENCE 


Vol. 104, No. 26, E 


a correlation of these measurements with particle si, — 


and degrees of hydration as determined by physiqa 
chemical analysis. 


Important chemical reactions of viruses are those) _ 
which they are inactivated, as for vaccine productin, — 


or are neutralized by specific antiserum. There ly 


been no thorough microscopic study of inactivatig, — 
though treatment with formaldehyde is known to hap 7 
little, if any, effect on the appearance of the e& — 
A splitting ¢ 7 


meutary particles of some viruses. 
the tobacco mosaie fibers by physical means has bee 
photographed. Micrographs already made show thy 


the reaction between virus and antibody is read} — 


va 
Ee 


recognized: the virus particles appear bigger and mo — 


diffuse in outline, presumably due to attached ani 
body, and agglutination on a microscale is comma 
If certain current hypotheses are correct in sugges 
ing that this combination involves the formation ¢ 
antigen-antibody lattices, such regularity should } 
clearly evident. On the practical side the minw 
amounts of virus, or antibody, that go to make up 
microfloe indicate that highly sensitive diagnostic tes 
can be built around the eleetron-microscopie observ; 
tion of this immune reaction. Another reaction, cher 
ical or biological, upon which microscopie studies hay 
already been begun, is the lysis of bacteria by the 
bacteriophages. : 

The electron micrography of erystallizable virus 
and proteins offers a direct approach to questions | 
how erystals are built up from their molecular unit 
Crystal formation can be photographed, and this wi 
provide very precise knowledge of many of the facta 
that determine erystallization, of how microerysti 
form and grow, and of how true erystallinity is © 
lated to the paraerystallinity observed with fibro 
materials like the tobaceo mosaie virus. 

The problem of how the elementary particles ot! 
virus come into being can now be investigated. (nv 
these particles have been identified through work wit 
purified suspensions, the road is open for dealing wit 
less pure preparations, with the ultimate object ( 
seeing viruses in the cellular environment in whit 
they develop. Only a first step has been taken ! 
this direction, but it has been recognized that filamet! 
as well as spheres are present in purified influew 
virus suspensions and that an intimate relation sce! 
to exist between the two forms. Thus, we now have! 
way to see how viruses grow; and it is possible tl! 
these experimental procedures may . ultimately te 


how large “inanimate” molecules, like those of hem! — 


cyanin, originate. It is worth reiterating that wi 


the electron microscope as guide and tool we # — 


entering a world where, very literally, life begit! 


about viruses and the diseases they cause, can scarce! 
be foretold. 
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Radiochemical Changes in. Some 
Fatty Acids! 

j RicHarp E. HoniG 

4 epartment of Physics, Massachusetts Institute of 
7 Technology 


™ Since recent marine sediments are believed to be a 
)<sible—even likely—starting point in the formation 
q f petroleum, some of the solid and semisolid organic 
@ompounds contained in such sediments have been in- 
Westivated. Among these compounds are fatty acids, 
MB hose presence in recent marine sediments is well 
4 tablished, even though it is not known in all eases 
Bhether they oceur in the form of fats, metallic salts, 
® (ree acids. For this reason the radiochemical de- 
@omposition and conversion of a number of fatty 
r rids and their salts have been studied. 
*) The data are most complete for the following three 
Mng-chain fatty acids: eaprylic (C;H,;COOH), laurie 
4, ,,,COOH), and palmitie (C,,H,,COOH). They 
Were bombarded with alpha particles from radon and 
With deuterons from the M.I.T. eyelotron. All three 
' these acids are members of the same family, and 
@e ade up of a straight paraffinic chain or aliphatic 
Bical, R, of varying length, joined by a C-C bond 
%® the carboxyl group, COOH, characteristic of the 
@reanic acids. The alpha-particle bombardments were 
@arried out by coating a 4-gram sample of acid, which 
B solid at room temperature, on the inside of a glass 
Wb, which was then evacuated. Next, about 100 
Willicuries of radon were admitted and allowed to 
an active deposit on the acid coating. The 
Wurse of the reaction was followed by reading on a 
Banoweter the pressure of gases produced. Deuteron 
Poubardments were made in an evacuated, water- 
a doled, metal chamber, which admitted the cyclotron 
Bean through a eopper foil and allowed the gases 
Produced to be collected. After a period of time 
“Bilicient to allow the radon activity (for alpha runs) 
¢ the various induced copper activities (for deuteron 
4 ins) to drop to a safe level, the gaseous products 
Were analyzed and an attempt made to identify some 
mponents of the complex liquid-solid mixture. 
‘Talk presented at the Springfield meeting of the New 


Rone’ , ection of the American Physical Society, 13 
mer 7 » - 


During the past three years, the effects of terrestrial radio- 
; phil on the genesis of petroleum have been studied under 
a title a Petroleum Institute Project 43c. This project, 
A Nete “Transformation of Organic Material into Petroleum 
Mn or Pe and Physicochemical Phases,” is under the direc- 
Se Te W. J. Mead, Clark Goodman, and W. L. White- 
Memical Most of the alpha-particle bombardments and 
ere a yses were done by Dr. C. W. Sheppard, who was 
MBsisted b a the group until the Summer of 1945. He was 
Tei ;\. >.>, tiss Virginia Burton. Some of the mass spectro- 
: ‘nalyses were performed by Mr. EB. C. Farmer. 


Torn 





rey Orage 


Small amounts of lower fatty acids, which are water 
soluble, were isolated by water extraction. The most 
important liquid product, isolated by microdistillation 
under high vacuum, could be identified by employing 
every method of physical and chemical analysis avail- 
able on a microseale. This was pentadecane, C,;H;p, 
from palmitie acid and undeeane, C,,H.,, from laurie 
acid (1). Thus, the straight-chain hydrocarbons just 
mentioned must have been produced by the rupture 
of the R-COOH bond and the addition of an H atom 
to the long-chain radical. The yield of these liquid 
products was approximately 80 mg./100 millicuries 
in both eases. Finally, small amounts of an amber, 
vaseline-like residue were left over after the uncon- 
verted original acid was changed to its sodium salt 
and removed. The complex liquid-solid mixture from 
the caprylic acid bombardment was not analyzed. 

The radiochemical decomposition and conversion of 
the three fatty acids investigated was further studied 


TABLE 1 


ANALYSES OF GASEOUS PRODUCTS FROM ALPHA-PARTICLE 
BOMBARDMENTS OF FATTY ACIDS 








Mole per cent of constituents 








‘ee 

Acid - Oo .|o 
= ss a te eS N = = 5 2 

S) 0 oO So fi Oo @ 1s 

Caprylice _ 
C:HisCOOH 0.7 1.0 0.4 07 3 33 10 51 61 0.54 
Lauric = , 
CuHesCOOH 0.6 0.5 0.1 0.2 4 42 11 41 52 0.81 

Palmitie 


CuHsuCOOH 0.4 0.6 01 08 10 48 6 34 40 1.20 





with the help of the gases produced. The gas mix- 
tures were analyzed on a small Nier-type 60° mass 
spectrometer which had been developed for this par- 
ticular purpose. The results obtained were checked 
by analyses performed by a low-temperature conden- 
sation and absorption method. While this latter 
method seems to be most reliable for the determina- 
tion of CO, and H., which were always present in 
large quantities, the mass spectrometer is far superior 
for the positive identification of small amounts of 
hydrocarbons. Table 1 gives the mole per cent of 
constituents in the gas phase and represents the 
of mass spectrometer and low-tem- 
perature values. It is seen that in every ease the main 
constituents are CO, and H,. CO and H,0 are found 
in moderate amounts, while the concentration of the 
paraffins present is low. 

CO, and CO ean be formed directly from the 


weighted mean 
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carboxyl group, COOH, when this group breaks up 
into fragments after having been severed from the 
original acid moleeule by R-COOH bond rupture. 
The balanee of these fragments, i.e. the OH groups 
and H atoms, may contribute to the formation of 
H,O and H,. Simple computations show, however, 
that this takes eare only of part of the large amounts 
of H, formed. Thus, most of the H, must derive 
from H atoms produced by C—H bond rupture. The 
formation of the light paraffins, CH, to C,H,,, is 
most readily explained by C—C bond ruptures near the 

















x RATIO Cre, 
rit 
vs 
° NUMBER OF C-H BONDS 
& 
ao 
1.20 y 
0.80 
0.40 
10 20 30 C-H BONDS 
Fic. 1. Abundance of hydrogen relative to carbon monox- 


ide plus earbon dioxide as a function of the number of C—H 
bonds in the molecule. 


“left” end of the molecules, yielding methyl to butyl 
radicals. Free H atoms can combine with these radi- 
eals and produce the corresponding paraffins. These 
simplified considerations do not include the possibility 
that part of the gases found in the analysis may 
derive from reconverted primary gases. 

In the ease of palmitie acid, for which the available 
data are most complete, it is possible to perform com- 
putations which give a rough idea of the statistical 
probability of the rupture of different bonds in this 
molecule under alpha-particle or deuteron bombard- 
ment. Thus, it is found that, for every 100 C-H 
bonds broken, about 45 C—C bond are ruptured at the 
junction of the long chain and the COOH group, 
while probably not more than 5 C-C bonds are broken 
anywhere else along the chain. These ratios are of 
interest because they give an indication of bond 


strengths. Since at least 90 per cent of all the C-C 


bond ruptures seem to oceur at the terminal COOH 
group, the strength of this particular bond must be 
considerably lower than that of the paraffinie C—C 
bonds (about 80 keal./mole). This conclusion is con- 





firmed by considering the ratio of R-COOH and (4 — 
bond ruptures, which is far in excess of estimates jyy — 


based on the relative number of these bonds availa}; 


A comparison of the actual gas yields from th 7 
‘three acids cannot be carried out, since some of th q 
data necessary are not sufficiently accurate. Howeve : 
if for the three acids investigated the abundance yi — 


H, relative to CO plus CO, is plotted vs. the numbe 
of C-H bonds in the moleeule, a straight line is oh 


tained (Fig. 1). Thus, the assumption seems justifi¢ 7 


that in long-chain molecules the probability of brea 
ing C-H bonds is directly proportional to the: 
number. 

Reference 


1. SHEPPARD, C. W., and WHITEHEAD, W. L. Bull. Ame 
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Surface Phagocytosis —Its Relation to 
the Mechanism of Recovery in 
Pneumococcal Pneumonia! 


W. Barry Woop, Jr., Mary Ruru Smita,’ 
and BARBARA WATSON? 


During the course of a systematie study of the effu 
of chemotherapy upon the pulmonary lesion of pnei 
mococeal pneumonia it has been shown that pneune 
coeci are destroyed in the lung by phagocytosis (8, ! 
and that the phagocytie process takes place in t) 
absence of demonstrable circulating antibody (1! 
All existing experimental evidence indicates that vir 
lent pneumococci are protected, by virtue of the 
capsules, against the attacks of phagoeytie cells (: 
Both polymorphonuclear leucocytes and macrophage 
have been found to ingest fully eneapsulated pneu 
eoeci only in the presence of type-specifie opsonil 
(6). Thus, the phagoeytie reaction which takes plac 
in the lung during chemotherapy remains une! 
plained. 

Three possible explanations may be offered for t! 
occurrence of phagocytosis in the absence of demo! 
strable cireulating antibody: (1) The reaction may 
brought about by the loeal accumulation of speci 
antibody in the pneumonie lesion; (2) it may rest 
from injury to the pneumococeus capsule; or (3) 
may be due to a hitherto undescribed mechani! 
which is related neither to opsonins nor to eapsu!! 
injury. Although all attempts to substantiate 
first and second of these hypotheses were uniform! 
unsuccessful (71), the third explanation was concli 
sively confirmed by direct observation (12, 13). 

1 From the Department of Medicine, Washington Unive! 
sity School of Medicine and the Oscar Johnson Institute !! 
Medical Research, St. Louis, Missouri. 
supported by a grant from the Commonwealth Fund. 


* Recipients of Research Fellowships awarded by ‘ 
Lederle Laboratories, Inc. 
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“For several days to remove the fixative. 


» July, 1946 


Suspensions of thrice-washed phagocytie eells*® in 
sJatin-Locke’s solution were mixed with washed pneu- 
ococei (Type I, Strain A5), and the mixtures were 


? ppt on ice until used for phagocytic tests. In sue- 


ssive experiments the phagocyte-pneumococeus mix- 


“Brres were injected intrabronchially into (a) the lungs 


normal rats, (b) lungs removed from rats and per- 


Posed with gelatin-Locke’s solution, and (¢) rat lungs 


xed for 24 hours in 10 per cent formalin and washed 
Each experi- 
ent was earried out at body temperature. Sections 


Wt from all three types of preparations and stained 
Wy the Gram-Wiegert technique showed clearly that 
Weil polymorphonuclear leucocytes and macrophages 
] hagocytized pneumococci in the alveoli within less 
an an hour. In the experiments with the formalin- 
fixed lungs, there was no possible source of inter- 
Mediary opsonin. 
Further examination of the formalin-fixed lungs re- 
Vealed that pneumococci were engulfed by the phago- 
etic cells in the large bronchi as well as by those 
im the alveoli. Phagocytosis failed to oceur, however, 
When the same leucocyte-pneumococcus mixtures were 
sted in rotating glass tubes, hanging-drop prepara- 
fons, and even in capillary tubes of the same diameter 
iB the bronchi. This last finding suggested that the 
@Pucial factor in the phagoeytie process was related 
i some way to the character of the bronchial surface. 
4 Other tissue surfaces were therefore tested. Small 
Bleces of selected tissues taken from freshly killed rats 
re placed in the bottom of Petri dishes lined with 
n Distened filter paper to prevent drying during ineu- 
bation. A small drop of the leucocyte-pneumococeus 
Mexture was spread over each tissue surface, and the 


etri dishes were then closed, sealed with Seoteh tape, 


S 


At the end of ineuba- 
mn, impression smears were made of the tissue sur- 
fees and stained with methylene blue. Bronchial and 
cheal epithelium, esophageal epithelium, the intima 
both aorta and vena eava, lung, pleura, periear- 
Bin, endocardium, peritoneum, liver, spleen, kidney, 
entery, retina, musele, and clotted plasma all were 
nd to support phagoeytosis. When the tissues had 
Been boiled previously for 30 minutes the phagoeytie 
ction still took plaee. 
Laces were tested, and although phagocytosis failed 


| incubated for one hour. 


Finally, a variety of inert 


ccur on glass, ground glass, paraffin, albumen, and 
ophane, phagoeytes brought into econtaet with filter 
ber, blotting paper, lens paper, cloth, and fiber glass 
¢ found to be highly active. 

rom these observations it may be concluded (1) 


Phe phagocytes were obtained from peritoneal exudate 

«l ? , « ‘ . . 

¥ ‘noculated 24 hours previously with an aleuronat- 
"ixture. Approximately 90 per cent of the cells were 


morphonuclear leucocytes, and 10 per cent, macro- 


ss alts 
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that both polymorphonuclear leucocytes and maecro- 
phages, when given access to a suitable surface, will 
phagocytize virulent pneumocoeci without the aid of 
an intermediary antibody or any other tissue factor, 
and (2) that most body tissues afford surfaces suitable 
for the efficient operation of phagocytic cells in this 
nonantibody reaction. 


Due largely to the profound influence upon immuno- 
logical thought of the now-classic investigations of 
Avery and his collaborators (7), most of the previous 
studies of the mechanism of recovery in pneumococeal 
pneumonia have centered about the role of specific 
antibodies. The methods of classical immunology, 
however, have failed to reveal why untreated patients 
sometimes reeover from pneumococeal pneumonia be- 
fore specific antibody is demonstrable in their blood 
sera (3, 5), why sulfonamide chemotherapy usually 
causes a erisis several days before immune bodies 
appear in the blood (1, 10), and why phagocytes 
destroy pneumococci in the lungs of patieats dying 
of pneumonia even when the pneumonie lesion ¢on- 
tains large quantities of unbound antiphagocytie 
polysaecharide (4). 
phagocytosis deseribed in this report offers an ade- 


The phenomenon of surface 


quate answer to each of these previously unsolved 
questions. It also explains the phagocytosis of fully 
encapsulated pneumococei in experimental pneumonie 
lesions in the absence of specifie opsonins and in the 
presence of excessive amounts of polysaccharide. In 
view of the tremendous surface area afforded by the 
alveolar architecture of pulmonary tissue it seems 
logical that surface phagocytosis should constitute an 
important defense against bacterial invasion of the 
lungs. Preliminary experiments already indicate that 
this nonantibody phagoeytie mechanism operates in 
other body tissues and is responsible for the destrue- 
tion of other species of encapsulated microorganisms. 
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Transplantation of Adult Filarial Worms, 
Litomosoides carinii, in Cotton Rats! 


D. R. A. WHARTON 
Cornell University Medical College, New York City 


The experimental study of filariasis is handicapped 
by the prolonged period of development of the filarial 
worm in man and other animals. Among laboratory 
animals the dog may be considered a suitable subject 
for experimental purposes, but the location of the 
parasite in the pulmonary artery limits observation, 
is too perilous for manipulation, and does not resem- 
ble that of the filarial worms inhabiting man. In 
recent years the finding of a filarial worm commonly 
occurring in the pleural and pericardial cavities of 
the cotton rat, Sigmodon hispidus, puts at our disposal 
an infection which resembles in many ways certain 
forms of human filariasis. With the view of studying 
some aspects of this infection, we have resorted to an 
unorthodox approach which consists of the transplant- 
ing of the adult worms from one definitive (7.e. final) 
host to another of the homologous species, which, 
with a metazoan parasite, is a departure beset with 
implications. 

Cotton rats infeeted with Litomosoides carinii were 
etherized, tied to a board, and shaved over the thorax. 
The body was swabbed with a solution of phenol and 
the thoracic area washed over with alcohol. A slit 
was made along the midanterior line with scissors and 
The 
sides were pinned down, exposing the pleural cavities, 
which, after this procedure, should be free of blood. 
The worms were withdrawn aseptically with light for- 
ceps or, better still, with a hooked rod and placed in 


continued along the sternum up to the clavicle. 


sterile saline in several Petri dishes. 

The rat into which the worms were to be transplanted 
was etherized, tied to the board, shaved and swabbed, 
and punctured with a thin blade in the central area 
of the right anterior thorax. By means of blunt hooks 
the opening was kept sufficiently large to insert 5 to 
25 worms with the aid of a blunt probe and with a 
minimum amount of injury to the worms. The wound 
closed and healed without aid. 


The attempt to transplant live adult Litomosoides 
carinii from the pleural cavity of an infected cotton 
rat into that of a normal cotton rat has so far failed 
in 10 animals. As early as three days following trans- 
plantation, the worms are dead and are found to be 
accumulated in a single mass which progressively 
becomes a syncytium of degenerating worms, as de- 

1This work was done with the aid of grants from the 
Marcelle Fleischmann Fund for the Study of Immunologic 


and Allergic Phenomena in Tropical and Parasitic Diseases 
and the American Foundation for Tropical Medicine. 















termined from later observations with other treaty j 
Live microfilariae, however, may be fou; : 
for a week or longer in the pleural cavity and in {) — 
blood. There is no gross exudation of fluid into th — 


animals. 


cavity, which appears perfectly healthy, with th 


syncytium of worms cleanly isolated in a serous ¢. — 


ering. 

In contrast to the negative results in normal raj 
suecessful transplantation of the adult worm yy 
accomplished in splenectomized cotton rats, 
reticuloendothelial system of which had subsequent 
been blockaded with India ink. Live worms in varia}, 
numbers were recovered from the pleural eavity , 
four out of nine treated rats, with indications tl 
in one other case the worms survived sufficiently loy 
to migrate into the left cavity. In the course of the 
observations it was noted that the male worm ofte 
survived assaults of the defense mechanism of the he 
which destroyed the females, whose exudations 4 
peared to be much more irritating than those of i 
males. Worms transplanted into one side of 
thorax are later found within both eavities in appro 
mately equal numbers, and may be seen to migri 
across the mediastinum, through the fatty tissues, 
even between the parietal pleura and the diaphray 
emergent worms having been seen partly throw 
these structures, 

Successful transplantation has also been achiev 
in two out of three rats as the result of X-irradiati 
with 140 kv., 5 M.A. (without filters) at 25 em., us 
a large cone (over 7 em.) and delivering 120 r p 
minute. The type of cell and tissue most affected | 
this treatment, as contrasted with that of blocks 
offers significant data in considering the resistal 
manifested by the host under normal and experimet! 
conditions. 

Sueeess has also attended transplantation from 
to another naturally infected rat. Also, rats injeci 
four to five times in the course of as many weé 
with a suspension of Dirofilaria immitis contained 
a mixture of Falba, mineral oil, and killed tuber 
bacilli (1) have accommodated transplants of 1 
adult Litomosoides carinii, and in one ease lymph 
invasion has been observed. 

Pathological findings will accompany more deta! 


publication. 4 


Addendum: Since this article was accepted for 
lication, Seott and Cross (2) have deseribed a tu 
in the superior mediastinum of old eotton rats, ca 
by dead adult filarial worms, and have assumed ' 
neutrophil-infiltrated tumor to have been caused — 
the dead worms. In view of this observation, it) — 


been thought advisable to note here certain gene! 


findings on the pathology of filariasis in the cotton’ © 


which have been made in a number of animals 1 
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q ne lung. 
Beature of the infection is a generalized or spotty 
4 roliferative reaction of the visceral and parietal 
Pleura which, in its final phase, results in papillary 
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ily and experimentally infected with Litomosoides 
rinw. 

Seott and Cross’s observation occurs not infre- 
iently in our experience as a result of worms dying 


1 » transit through the fatty lymphoid tissue in the 


scion of the superior mediastinum near the hilus of 
io] . . 
This is accidental. But a characteristic 


ulations of the superfices. Neither the worms nor 
e nodules invade the lung proper, though it shows 
action to the infeetion. The spleen is hypertrophied. 
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] he Effect of Thiouracil Upon 
Pigmentation in the Tadpole 


» 
\W. GARDNER LYNN and Sr. ALFRED DE MARIB 


Mutholic University of America, Washington, D. C. 


Jn the course of experimental work concerning the 


eff ects of thiourea and thiouracil’ upon the thyroid 
g nds of tadpoles (Rana sylvatica), the latter drug 
Was found to cause pigmentary changes which seem 
y brthy of record. 


The tadpoles used in this work were obtained from 
gs collected in near-by Maryland. The animals were 
ised in large finger bowls with 20 tadpoles in each 


Bow! and were fed a diet of boiled spinach, Pablum, 


a d boiled egg. 


Ten of the eultures served as controls, 


Mug kept in tap water; in the ease of 10 others the 
Miure fluid was a .05-per cent solution of thiourea, 


| that of another 10 was a .05-per cent solution 
thiouracil. These treatments were started on 19 


brch 1945, when the tadpoles were in the tail-bud 
ace. The culture fluids were changed every other 
On 4 April, 16 days after the beginning of the 


periment, it was noted that the animals in the thio- 


w Acil series were considerably lighter in color than 


re those in the other two groups. This difference 
ame more striking, so that by 14 April (26 days) 
tadpoles of the thiouracil series showed very 
‘ked blanching with the melanophores contracted 


‘ manner similar to that seen in hypophyseeto- 
a! drugs used were supplied through the courtesy of 
ederle Laboratories, Ine. 
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mized specimens. By this time the inhibiting effect 
of the drugs upon metamorphosis, reported by other 
authors (1, 2), was clearly evidenced, the controls 
showing rapid growth of the hind limbs, while the 
experimental animals of both sets had only rudimen- 
tary limb buds. Detailed results of the experiment 
as they relate to the thyroid and metamorphosis will 
be reported elsewhere. By 4 May (56 days) 80 per 
cent of the controls had metamorphosed while none 
of the experimental animals had shown any signs of 
metamorphosis. At this time, therefore, the treat- 
ment was discontinued and the experimental animals 
transferred to tap water. The thiourea-treated tad- 
poles did not begin to metamorphose despite discon- 
tinuance of the treatment, and on 27 July (129 days) 
no increase in hind-limb length had occurred in this 
group. This does not accord with previously reported 
results (1), but the difference may be related to the 
slightly higher concentration used in the present ex- 
periments. The animals of the thiouracil series, on 
the other hand, showed signs of the initiation of 
metamorphic changes very quickly after their re- 
moval to tap water. By 26 May (67 days) 50 per 
cent of these specimens exhibited definite elongation of 
the hind limbs, and by 11 June (83 days) 80 per cent 
had metamorphosed. Moreover, these specimens re- 
sumed the normal dark color quite rapidly, so that 
within a week after the 
ceased, all of the tadpoles showed the same degree of 
expansion of the melanophores as had been seen in 


thiouracil administration 


the controls. 

It appears that thiouracil has some specific effect 
upon the melanophores of the tadpole and that such 
an effect is not produced by a similar concentration 
of thiourea. 
whether this action is exerted directly upon the 
melanophores or indirectly through the intermediation 


Work is now in progress to ascertain 


of the pituitary gland. 

Juhn (3) has reported an effect of thiouracil upon 
the pigmentation of the feathers of Brown Leghorn 
capons, but this is apparently to be attributed to the 
inhibition of thyroid function by the drug, since it is 
similar to the pigmentary change which follows thy- 
roidectomy in this animal. 


References 


1. Gorpon, A. S., GoLtpsmiTH, E. D., and CHARIPPER, H. A. 
Nature, Lond., 1943, 152, 504. 


2. HuGues, A. M., and Astwoop, E. B. Endocrinology, 
1944, 34, 138. } 
3. JuHN, M. Anat. Rec., 1944, 89, 566; Endocrinology, 


1944, 35, 278. 

















News and Notes 







2 J 


Th 


ade 








Carl E. Swartz, formerly chief metallurgist of the 
Cleveland Graphite Bronze Company, has been ap- 
pointed division engineer in charge of materials re- 
search, Kellex Corporation. Dr. Swartz will be as- 
signed to the research unit of The Johns Hopkins Uni- 
versity Applied Physics Laboratory, 8621 Georgia 
Avenue, Silver Spring, Maryland, with which the Cor- 
poration has recently become associated in a special 
project for the U. S. Navy. 


Robert L. Pendleton, soil scientist of the Office of 
Foreign Agricultural Relations, U. 8. Department of 
Agriculture, has been loaned for four months to the 
Ministry of Agriculture and Lands, Kingdom of Siam. 
He is assisting his former associates in their plans 
for returning to a peacetime basis. The seven years 
he spent in Siamese Government service as soil scien- 
tist and agriculturist peculiarly qualify him for the 
present assignment. 


George T. Scott has been made assistant professor 
of zoology at Oberlin College. 


Benjamin McKeever has been appointed assistant 
professor of psychology at the University of Pitts- 
burgh, effective in June. 


Announcements 

On 3 July the Senate passed S. 1850 providing for 
a National Science Foundation. The acticn followed 
two days of debate during which Senator H. Alexander 
Smith lead an attempt to replace the Ki'gore-Magnu- 
son Bill. The Social Science provisions were not in- 
cluded. 


The American Council on Education is undertaking 
a country-wide survey of pharmaceutical education. 
The American Association of Colleges of Pharmacy 
initiated the proposal for an over-all study of phar- 
maceutical education with special reference to the 
modern practices and services required of pharma- 
ceutical graduates, and funds for the survey—ap- 
proximately $100,000—will be provided by the Amer- 
ican Foundation for Pharmaceutical Education. 

The plans for the survey include a careful study of 
the supply of, and future demand for, trained phar- 
macists; the practices of the colleges of pharmacy as 
to the admission, guidanee, selection, and training of 
students; analysis of present-day prescriptions to 
determine the knowledge required of the profession- 





ally trained pharmacist; the relation of pharma- 
ceutical education to business and industry; the role 


of pharmacy in medical eare; the qualifications of 
. b 























ppli 


faculty members and the conditions of faculty seryy — iit 


in the colleges of pharmacy; and the relation of { 
requirements for licenses to the program of trainiy 3 
and practical needs. Special attention will be giv 4 
to methods and means for the training of the scientii ” 


ude 
ant’s 
atiol 
f the 


specialist now required by the rapidly growing phy — - 
maceutical industries and for pharmaceutieal resear — 8 
The projected pharmaceutical survey will be uni i“ 
the direction of Edward C. Elliott, formerly preside — The 
of Purdue University, who will be assisted by a ted 4 uple 
nical staff. There will also be appointed an advisi; — = 
committee representative of educational interests, sty We 
licensing boards, and the pharmaceutical industri joni 
It is expected that the survey will require from ty _ 
to three years. 7 
psult 

Recent research on tryptophane (3rd ed.) has be “902 
prepared by the Special Chemicals Division of W) inal 
throp Chemical Company, Inc. 170 Varick Stree J p,.. 
New York City, and is now being distributed on» “Jj, ats 
quest. The current edition brings this review of i “@. fie 
literature up to February 1946 and includes 159 ref q ™ 
ences. Me lecte 
Among the fields in which research on tryptophu ore 
has been most active during the past year are: Stu 
interrelations with nicotinie acid and pellagra, W eR 


pyridoxine and anemia, and with bacterial and vir 7 wag 
nutritional requirements. A striking development" — 


12180) 
the discovery that sodium acetyl-dl-tryptophane « he oi 
be used effectively for fortification and stabilizaty A. 

% i lis 


of serum albumin. Chief commercial use of tryp —~ 
phane remains the fortification of various pro’ “% 7p. 





hydrolysates. ] ee 

A new opportunity for limited employment Pieri 
qualified graduate students in the field of map > ™ge!"'*' 
search has been announced by the Army Map Serv eder 
Corps of Engineers. The Association of Amerié 7 bstwa 
Geographers is supporting the project through a ¢ — -_ © 
mittee which will attempt to recruit and sereen 4 ants 
didates. String 

This is an unusual opportunity for students Jose} 
geography, enabling them to complete necessary’ ngine 
search for a master’s thesis or a doctor’s disserta! 7 nt to 
and acquire practical experience, in addition to be 4 eside 
paid for their work. It is intended that each stué » vison 
complete his work in a form suitable for publicat r gra 
and the Army Map Service will supervise his w Wy: D. ( 
toward that end and be responsible for the quality 4 ries ; 
the project. The approval or disapproval of the W 4 uth, 
as partial fulfillment toward a degree, however, ' a brnel] 
remain with the institution granting the degree. Pe ectric 








De 


Vi 
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The Association’s committee hopes to be able to pro- 


Bide the Army Map Service with a list of potential 


VBpplicants from which it can make selections as soon 
7 gs possible after 1 June. All applications should in- 
Wude a brief but comprehensive résumé of the appli- 
Bant’s qualifications and experience, with a recommen- 
ation and appraisal of the student from some member 
f the faculty. This information is to be used not only 
y the committee in compiling its list of potential ap- 


WPlicants, but by the Army Map Service in the final 


election and orientation of the students. 

The selected candidates actually become civil service 
uployees of the Federal Government, assigned to the 
irmy Map Service, Corps of Engineers, U. S. Army, 
® Washington, D.C. As such, they are subject to the 
urs, regulations, and benefits of Civil Service. Ap- 
ointments will normally be made for the period of 
me year. Permanent employment opportunities may 
Wesult in professional status. Annual payment will be 
1,902.00, subject to possible increase by Congres- 
onal action. This is a civil service status of SP-+4. 
© Positions are open to three or four qualified gradu- 
“He students each year who have an abiding interest in 
“Whe field of mapping. They should have completed an 
ndergraduate major in geography or language and 
“Belected one of those fields for a master’s thesis or 
TMoctor’s dissertation. 

Students wishing to apply for these positions should 
pnd a letter of application with a completed applica- 
blank to: EK. B. 
paison Committee with Army Map Service, Associa- 


Bon Espenshade, Jr., Chairman, 
on of American Geographers, Northwestern Univer- 
ty, Evanston, Illinois. 


The Research Corporation, a nonprofit organization 
voted to advancing research and technology by use 
@ revenues from inventions assigned to it by public- 
F. pirited inventors, has announced the initial list of 
rederick Gardner Cottrell special grants-in-aid for 
stwar research, totaling about $175,000 for the first 
bar of work. The Corporation intends to make 
ants totaling $2,500,000 to edueational institutions 
iring five years. 

Joseph W. Barker, formerly dean of the College of 
mgineering, Columbia University, and special assis- 
nt to the Seeretary of the Navy during the war, is 
esident of the Corporation and a member of. the 
dlvisory Committee set up to investigate applications 
r grants. Other members of this committee include 
r. D. Coolidge, of General Electric Company Labora- 
7's; Thomas N. Chilton, of Du Pont; Lloyd P. 
nith, formerly of RCA Laboratories and now of 
rnell University ; Timothy E. Shea, of Western 


q ectrie Company; Col. Staffer Warren, of the Med- 
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ical School, University of Rochester; and R. R. 
Williams. 

The recipients, projects, and directors, respectively, 
of the Corporation’s initial grants are announced as 
follows: 


Amherst College: design and construction of equip- 
ment for measuring faint stars by the photoelectric 
method, John 8. Hall; Boston University: an experi- 
mental examination of the properties of the solvated 
electron by calorimetric, density, and viscosity studies 
of the alkali-metal, liquid-ammonia systems, Lowell V. 
Coulter; University of California: the correlation of 
photochemical processes with molecular absorption spee- 
tra, F. E. Blacet; Carnegie Institute of Technology: 
properties of matter at extremely low temperatures, and 
superconductivity—especially of thin films, Immanuel 
Estermann; Catholic University: chemical reactions be- 
tween gases and solids, Walter John Moore, Jr.; Duke 
University: microwave absorption spectra of molecules, 
Walter Gordy; Indiana University: a study of beta dis- 
integration process, L. M. Langer; Kansas State College: 
study of photoelectric and thermionic properties of spec- 
troscopically and thoroughly outgassed nickel with em- 
phasis on studies at the Curie point, A. B. Cardwell; 
Michigan State College: ionization produced in gases by 
electrons of energies less than 2,000 
Thomas H. Osgood; University of Minnesota: analysis of 
electron and ion-collision phenomena in gases and vapor, 
John T. Tate; University of Minnesota: isotopes, A. O. 
C. Nier; Muhlenberg College: the measurement of the 
velocities and absorption coefficients of sound waves in 


electron volts, 


gases as a function of temperature and pressure at vari- 
ous supersonic frequencies, I. F. Zartman; University of 
New Hampshire: a study of inorganic fluorides, H. M. 
Haendler;. North Texas State Teachers College: stereo- 
synthetic and 
York University: 


2 


isomerism of natural polyenes, R. B. 


Jr.; 
nuclear disintegrations produced by cosmic radiation, 


Escue, New investigation of 


\ 


Serge A. Korff; University of Notre Dame: (a) exten- 
sion of experiments on the excitation of nuclei by X-rays 
and electrons by observation of shorter metastable life- 
times, and (b) extension of experiments on the excitation 
of nuclei by X-rays and electrons by increasing excita- 
tion energy, George B. Collins and Bernard Waldman; 
Ohio State University: infrared spectra of a large num- 
ber of polyatomic molecules measured automatically 
under high dispersion, H. H. Nielsen; Oregon State Col- 
lege: synthesis of amino alcohols derived from pyrimi- 
dines and quinazolines, B. E. Christensen; Pennsylvania 
State College: influence of range of stress on the fatigue 
strength of metals subjected to axial and biaxial stresses, 
John 


physies, G. P. 


A. Sauer; University of Pennsylvania: nuclear 


Harnwell; Queens College: isotope re- 
search, M. L. Eidinoff; Rutgers University: nuclear and 
electronic paramagnetism at room and low temperatures, 
Ff. G. Dunnington; Stanford University: nuclear induc- 
tion and its application to polarized neutrons, Felix 
Bloch; Stevens Institute of Technology: absorption spee- 


tra, particularly in the far ultraviolet, of liquids to be 
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followed later by studies of other properties, ete., E. G, 
Schneider; Tuskegee Institute: the methods of prepara- 
tion and the chemical properties of the bis-brominated 
ethers, C. T. Mason; Southwestern (Memphis): vapor- 
phase catalytic preparation of high-molecular-weight 
ketones, J. L. A. Webb; University of Tulsa: distribu- 
tion of carbon dioxide in systems containing two liquid 
phases, F. T. Gardner; State College of Washington: 
(a) enthalpy changes at unit surfaces on wetting of 
solids by liquids, (b) a study of significance of varia- 
tions in the values of the densities of fine powders as 
measured in various liquid media, and (c) development 
of new techniques for the study of liquid films at solid- 
liquid interfaces, J. L. Culbertson; and University of 
Wyoming: determination of neutron resonance energies 
and half-life periods of induced radioactivities, Emil J. 
Hellund. 

“Research and teaching in our American educa- 
tional institutions are facing a crisis today,” said Dr. 
Barker. “The general pattern of research in our col- 
leges and universities was seriously disrupted by the 
war. Talented members of the faculties were drafted 
into war research or war service. But now the ques- 
tion is whether these men ean be brought back to the 
college laboratories and classrooms where there is a 
great necessity for them if we are to re-establish 
adequate research closely associated with inspired 
teaching.” 

The Research Corporation was begun in 1912 with 
the gift, through Frederick Gardner Cottrell, of patent 
rights on electrical precipitation, used for removing 
dust, fume, and mists from industrial gases. Over the 
intervening years the Corporation has served colleges 
and universities by the administration of patents aris- 
ing from researches in their laboratories. From the 
proceeds of these and other patents it has aided in 
the past some 52 institutions by grants totalling over 
$1,250,000. Grants on the normal program are also 
being continued. In addition, through the Williams- 
Waterman Fund, grants are being made for research 
in the combat of dietary diseases. 

The Corporation is interested in receiving high- 
quality applications for grants from engineering and 
the smaller liberal arts colleges. The address is: 405 
Lexington Avenue, New York 17, New York. 


Natural Resources of Japan 


The Natural Resources Section was established in 
Tokyo as a special staff section of the General Head- 
quarters of the Supreme Commander for the Allied 
Powers on 2 October 1945. This section, of which 
Lt. Col. Hubert G. Schenck (professor of geology at 
Stanford University, on leave of absence) was ap- 
pointed chief, was set up to inform and advise the 
Supreme Commander on all matters pertaining to 
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agriculture, fisheries, forestry, and mining and Seolog 3 
in Japan and Korea. In order to accomplish its mj 
sion, the section is organized into four technical diy, _ 
sions to cover these fields. 

Maj. Warren H. Leonard (professor of agronony 
Colorado State College, Ft. Collins, on military leay; 


al fe 
ining 
der 
ctio} 
d ot 
als, t 








was appointed chief of the Agriculture Division ay; Jay 
is assisted by’ Maj. Mark B. Williamson. Lt. (i “@giport 
Reginald H. Fiedler (chief of the Division of Fisher @ Fish 
Industries, U. S. Fish and Wildlife Service, on mil, pod f 
tary leave) is chief of the Fisheries Division, wii pan a 
Maj. John F. Janssen (marine fisheries biologis Te a f 
California Division of Fish and Game, on military ® inte 
leave) as assistant. Lt. Col. Arthur R. Spille ken 1 
(senior forester in charge of State Cooperation, U. irem 
Forestry Service, on military leave) was named to} #mmed: 
in charge of the Forestry Division and, on his retuy gpitiate 


to the United States for discharge from the servi¢ 3 pet I 


was succeeded by William §S. Swingler (assista @§uipw 
regional forester in charge of Division of State a idly 
Private Forestry). John J. Collins (formerly ass: “he ho 
tant regional geologist, Northwest Region, U. &. Ge 7 ound 
logical Survey) was the acting chief in the Minix Qermit 
and Geology Division until the arrival of Thomas { % Fuel 
Hendricks (principal geologist, U. S. Geological Sw ry te 
vey) on 6 December 1945 to assume the duties ¢ bel, © 
chief of the Division. Maj. Elmer W. Ellswort ith th 
(consulting petroleum geologist) was appointed tee) Aditio 
nical supervisor to coordinate matters involving ty ted b 
or more divisions. Recently Lt. Col. Charles J. Boi urces 
ner (lawyer, State of New Jersey) joined the st HM raisi 
in order to supervise all activities of the section « “@onthl. 
Korean affairs. Miction 

The major problems with which the section has bea Char 


concerned up to this time are the provision of con “Heating 
modities essential for sustenance of the Japane: 7@Rated 
people and for the needs of the oceupation force” 
Foremost among these problems is the food supp] 

The Agriculture Division has been concerned pr | 
marily with maximizing the food production ! 7 
Japan. Activities to implement this objective inclu! 
an evaluation of the food position; a survey of ag: 
cultural research institutions to determine their at 
quacy for the solution of agricultural problems; 
study of the five-year land reclamation program ! 
the addition of 3,828,500 acres to the eultivated are! 
and an analysis of fertilizer requirements to ass! ~ 
agricultural production at a level reached in () q 








1930's. 4 
Japanese farm lands have been intensively cul’ Asp) 

vated for centuries, and importation of fertilizer ¢ 3 lity o 

its raw materials has always been essential. Duri! “@hydrs 


the war the fertility of the land has diminish Went. . 
greatly. A complete study of sources of raw mater!’ 4 
essential for the manufacture of inorganic comm — 


ns m 
Dints 1 
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Be 


“Bal fertilizers has been made in cooperation with the 


ining and Geology Division. Action is currently 


a ider way to provide the raw materials for the pro- 


iction of suitable fertilizers for the use of Japan 
d other countries in the Orient. These raw mate- 
als, together with the large fertilizer-plant capacity 
* Japan, will do much to reduce the need for the 
port of large tonnages of food. 
© Fish constitutes the most important single animal 
Bod for the Japanese. Japan has caught more fish 
an any other nation in the world, but her actions 
a 2 fishing nation have been selfish and damaging 
international fishing. The Fisheries Division has 
ken the initiative in helping Japan produce the re- 
irements of a minimum subsistence diet during the 
Mmediate postwar emergency. The 
itiated a program of providing the Japanese fishery 
et limited requirements of fuel oil and fishing 
@uipment. The area opened to Japanese fishing is 
Higilly prescribed, consisting of waters adjacent to 
Pe home islands and a limifed area for whaling 
F round the Bonin Islands, although no landings are 
Bermitted at that location. 
% Fuel is next in importance as a commodity neces- 
‘s ry to life in Japan. Production of the principal 
4 bel, coal, dwindled almost to the vanishing point 
q ith the release of Korean and other slave labor. In 
Wudition, mining equipment and mines have deterio- 
The Natural Re- 
urces Section initiated the actions that have resulted 
raising the monthly coal production to the level of 
I onthly requirements. 


Division has 


ted badly during the war period. 


It is expected that coal pro- 
@WMection will be further increased. 
Charcoal has also long been important in domestic 


puting in Japan. The Forestry Division has concen- 


a. 


ea a 


‘ale 


ated great efforts on chareoal production and has 


5) 
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done much to meet this demand. This Division is also 
making a complete study of Japan’s forest resources, 
lumber and allied products, wood pulp, and paper re- 
quirements. The forests were severely overeut during 
the war years, and the lumber and plywood require- 
ments for housing needs of the occupation forces and 
for reconstruction in Japan are far in excess of the 
amount of timber that can be supplied domestically 
without serious damage to the forests and forest lands. 
All aspects of this problem are being studied in order 
that it may be resolved as rationally as possible. 

In addition to the work on coal and fertilizer the 
Mining and Geology Division has assembled basie data 
on all metals, minerals, and petroleum in order to 
supply information regarding imports essential for 
the postwar emergency and the export of materials 
badly needed elsewhere. 

The four Divisions have assembled basic data on 
all natural resources which may be considered as a 
possible source of reparations. In this connection 
the Section has received a letter of commendation 
from the Japanese (Pauley) Reparations Mission for 
the information, advice, and counsel supplied to that 
mission. 

The Section is also conducting a complete study of 
Japanese research in the field of natural resourees, 
particularly during the war years. The information 
obtained in the ‘collection of possible basie data and 
a study of Japanese research is expected to meet the 
needs of all current problems. The long-range plan 
for the work of the Section has been set up with the 
ultimate goal of obtaining full knowledge of Japanese 
natural resources for publication as one oy more 
comprehensive reports that should constitute a refer- 
ence work for many Hubert G. 
Schenck, Lt. Col., Chief. 





years to come. 











In the Laboratory 








Modifications of Specimens in 
@ectron Microscopy 


@ |. Marton, N. N. Das Gupra, and C. Marton 


oy Division of Electron Opties, Stanford University 


‘ple evidence has been given for the relative sta- 
lity of many electron-microseope specimens during 
hydration and electron bombardment in the instru- 
‘nt. Although a surprisingly large number of speci- 
ns maintain their shape, from time to time evidence 
Pints to substantial changes of structure or shape 


ef 


in some objects. The observed stability of specimens 
under given conditions is by no means proof of simi- 
lar stability for different specimens or even for the 
same specimen under changed conditions. Generally 
speaking, the electron microscopist will have to estab- 
lish independent proof of the correct reproduction of 
the structures imaged in the electron 
fore drawing any definite conclusions. 


microscope be- . 
Some definite 
specimen changes are discussed below, and means for 
their detection and prevention proposed. 
For some time during use of the gold shadowing 
technique of Williams and Wyckoff (3), discrepancies 








and the width of the 
In the 
such diserepancies were 


‘between the apparent object size 
shadows produced by them were observed. 
ease of rather small particles, 
not regarded seriously and generally were explained 
by lack of contrast at the edges of the particles in the 
unshadowed specimens. Recently, however, such fla- 
grant cases of discrepancy were observed that no such 
interpretation could be allowed. Fig. 1 reproduces 
a large particle with a shadow not only considerably 


wider than the particle but even extending a little 





toward the source in front of the particle. An ex- 
amination of this and several similar micrographs 
excluded all interpretation other than a shrinkage of 
the particle after gold shadowing. The specimen in 
Fig. 1 consists of accidental impurities of unknown 
origin on a ecollodion film, which was gold shadowed 
in an evaporation apparatus and then transferred 
Apparently the particle 
the 
electron microscope and shows, therefore, a different 
The 


observed shrinkage in this particular case is as much 


to the electron microscope. 


size changed during observation (focusing) in 


appearance from that expected from its shadow. 
40 per cent. The question whether the particle 
changed previous to its gold shadowing is left hereby 
entirely open. 
It is proposed, therefore, that in addition to such 
(light 
biret 


methods as comparison with other evidence 


microscopy, ultracentrifugation, streaming rin- 
gence, ete.) as much evidence as possible should be 
gathered in the electron microscope about eventual 
Gold 


shadowing, if carried out carefully, can be used quite 


structural or shape changes during observation. 


advantageously by comparison of the particle size 
with the dimensions of its shadow. 
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Another method of observation is a modification of 
an earlier procedure outlined by Marton (1), which 
dummy specimen and they 
Von Ardenne ()) 


involved focusing on a 
substituting the true specimen. 
applied the same principle by providing a shadowing 
wedge, protecting part of the specimen during focus. 
ing. The modification, as used in this laboratory, con. 
which requires 4 


sists of carrying out the focusing, 
beam of relatively high intensity, on a part of the 
“an be sacrificed. After the best focus 


is achieved, the beam intensity is reduced to the mini. 


specimen which 


mum required for photographic recording and _ the 
stage shifted to a part of the specimen which has not 
A micrograph can then be 
obtained with a minimum of irradiation and corre. 
sponding minimum changes. In a variation of t! 
same procedure the whole surface of the specimen is 
scanned first at very low intensity and the most inte: 
A shift is then made to 
This is 
brought into focus at’ high intensity and then, after 


been irradiated previously. 


esting part preselected. 
less important area which can be sacrificed. 


reduction to low intensity, a shift is made back to the 


good area. Care should be taken that the two areas 


are far enough removed so that essentially no high. 
intensity beam can reach the part which has to be 
protected. In both cases the filament current can be 
reduced when the image of the filament is produced 
in the object plane by means of the condenser lens, 
and increased again to the optimum value when the 
condenser setting corresponds to the one required for 


photographie recording. 
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Frozen-dried Preparations for the 
Electron Microscope 


Ratpo W. G. WyckKorr 
National Institute of Health, Bethezda, Marylan 


Most native proteins are strongly hydrated whether 
they are in molecular suspension or form part of a! 
When this water is los! 
it is likell 


organized biological tissue. 
during air-drying for electron microscopy, 
that the elementary particles of many proteins W! 
shrink distort. Dehydration 
avoided, and therefore techniques are needed whic! 
Q) wick 


1nes 


Cort 


and eannot now > 
will desicecate with a minimum of alteration. 
freezing and desiccation from the frozen state 
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© Good frozen-dried preparations for electron micros- 
Beory ean be Alu- 
minum strips are substituted for glass microscope 
B slides in mounting the usual collodion- or formvar- 
When 
‘slides and the sereens they carry are placed on a 
‘hlock of metal (approximately 


made easily in the following way: 





eovered sereens. ready for use, these metal 


ie ( 
Ie 


ees 


x3x2 em.), pre- 


oR 


| with dry ice or liquid air. pants a microdrop 


2 ed 
) of solution is applied to, and immediately withdrawn 





rom, screens cooled in this fashion, some will in- 


stantly freeze; a tissue such as tendon, touched mo- 


nentarily to a cold sereen, will leave frozen shreds 


A behi ind. 
ie 
Bs be omit 


fy pensions of elongated particles. 
‘hs 





The collodion or formvar substrete can often 
tted when dealing with tissues and with sus- 
The block has suffi- 
cient thermal capacity to hold the preparations frozen 
while they are being made, while both block and 








a eparations are being transferred to a vacuum cham- 
i be T, If the 


| preparations are to be shadow-cast before microscopic 


and until a high vacuum has been drawn. 





Be ssnination vacuum desiccation and shadowing ean 
conveniently take place in the same apparatus without 
"breaking vacuum. The screens on their metal block 
Bons t remain well below freezing until desiccation has 
“been completed, but by the end of the run they should 
"be warm enough so that moisture from readmitted air 


Pdoes not condense on them. The slow thermal leakage 
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this demands is provided by putting the block on one 
or more pieces of lightly metal-coated glass. 

Electron micrographs have thus far been made of 
frozen-dried bacteria, of several plant and animal 
With dilute solutions 
for 
these pictures are indistinguishable from 


viruses, and of certain tissues. 
of the tobacco mosaic and bean mosaie viruses, 
example, 
those of ordinary air-dried preparations; in such in- 
stances it would appear that air-drying does not ap- 
Influenza virus 
after 
have 


preciably distort the virus particles. 
particles have been strikingly full and turgid 
pictures 
obtained from frozen-dried concentrated 


freeze-drying. Unusually interesting 


been solu- 
tions of tobaeco mosaie protein. In them many rods 


are associated together in two dimensions to yield 
areas which look surprisingly like sheets of connective 
tissue and break up in the same way into fibrous 
bundles—for example, under impact of the electron 
Frozen-dried preparations containing appre- 


given useful 


beam. 
ciable quantities of salt have not yet 
because in its extreme dispersion this 
the fine details that 


mierographs, 
salt 
present. 


tends to smear over are 


In this laboratory frozen-dried as well as air-dried 


preparations are now a routine. Electron micro- 


graphs of some of them will shortly be published else- 


where. 
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On the Mechanism of Action of Folic Acid and Liver 
| Extract in the Treatment of Anemia 
) In view of the diseovery by 


% and co-workers 
maS. med, J., 1945, 38, 


Spies 
707) that synthetic folie acid has 


peitianemie action in the treatment of human macrocytic 
p#icmias, the question of its mechanism of action has be- 
peeme a matter of some interest. Experiments performed 


P@usiderable light on this problem. 
e have produced significant hyperchromic anemias in 


laboratory (details to be published) may throw 


al dogs by the subcutaneous injection of 3 mg. 
Icholine bromide twice daily for 47 days. Two 
these dogs were then treated by the daily injection of 
T extract, in addition to acetylcholine. They re- 
onded with an increase of retic ulocyte percentage and a 
‘dual regeneration of red blood cells to their normal 
Another dog of this series received daily folic 
injections (2 mg.) 


nner 
“"2V 4h 6 


1) 
per 


Es 


and responded in a similar 
dogs were made anemic by the feeding of choline 
Tide according to the general method reported pre- 
by the author (Amer. J. Physiol., 1944, 142, 402) 


ee 


S acd “ 
a Aaa ae 
Zz 





Two of these dogs were treated with daily injections of 
folic acid and the third, after serving as an anemic control 
was treated daily with liver extract. These ani- 
all responded by showing a rise of reticulocytes (to 
peaks of 3.4—4.2 per cent, from 6 to 9 days after onset of 
and a return to normal of their erythrocyte 


animal, 
mals 


treatment ) 


numbers within 20 days, in spite of continued choline 
feeding. 

During anemia, acetylcholine-like activity was detected 
in extracts of serum of blood drawn from the ‘‘ choline 
’ dogs at one and one-half hours after the admin- 
200 of choline chloride. This 
was markedly diminished after antianemic treatment had 


been instituted. Cholinesterase activity (determined by 


anemia’ 


istration of mg. activity 


an electrometric titration method) of the serum of one 
dog tested was low during anemia and was increased 12- 
fold during treatment with liver extract. 

Incubation of various dog blood sera with folie acid or 
extract at 37°C. 
tivities by from 0 up to 93 per cent. 


liver increased their cholinesterase ac- 
Similar incubation 
of one normal human serum with liver or folie acid in- 


creased its activity by 15 per cent. 
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Oral administration of 5-7.5 mg. of folie acid to two 
normal human subjects increased their serum cholines- 
terase activities by 33 and 16 per cent within five hours. 

It is concluded from these experiments that liver ex- 
tract and folie acid act by increasing, in some manner, the 
formation of cholinesterase in the body. 

JOHN EMERSON Davis 
Department of Physiology and Pharmacology 
University of Arkansas 


Some Effects of Electronic Transitions 
Upon Precision Thermometry 

Recent measurements of the electrical resistance of 
various materials at elevated temperatures have disclosed 
the following information which may be of value in pre- 
cision thermometry : 

(1) The electrical resistance of a pure conductor is a 
straight-line function of temperature, but the slope 
changes appreciably between certain specific temperatures. 

(2) Since the temperatures at which these discontinu- 
ities have been found are independent of purity, coneen- 
tration, or heat treatment, the resistance-temperature 
curve for an alloy will be affected to some extent at each 
of the temperatures which are characteristic of each of its 
components. These temperatures may be used as an ac- 
curate method of calibration in the proper temperature 
range. The discontinuities in the curve for carbon, for 
example, are particularly satisfactory for calibration in 
the range above the melting point of gold. 

(3) Errors may be introduced in certain ranges of tem- 
perature by the common practice of drawing calibration 
curves smooth instead of as straight lines changing in 
slope at these specific temperatures. These errors may be 
as large as 6° C. in a chromel-alumel thermocouple or as 
large as 2° C. in a platinum resistance thermometer. The 
chromel-alumel thermocouple is free from these errors 
below about 160° C., and the platinum thermometer is not 
affected markedly except in the range 160°-932° C 
of the trouble being between 160° and 800° C. 

(4) Heat treatment is equally as important as purity 
in affecting the temperature coefficient of resistance for 
platinum. Depending upon the heat treatment, values of 
the coefficient as high as 1.400 or as low as 1.366 have 
been secured, using the same specially prepared high- 
purity wire. 

Further information on these points will be published 
in the near future. 


. most 


W. R. Ham and C. H. SAMANS 
American Optical Company, Southbridge, Massachusetts 


Some Thoughts on “Gene Action” 

Dr. Deakin’s recent letter (Science, 1946, 103, 570-572) 
prompts me to add some thoughts which I noted down 
some time ago on the same subject. I am presenting 
them merely in the hope that they may invite extended 
discussion of this problem. 

It has been generally accepted that the control of hered- 
itary factors is closely associated with the desoxyribonu- 
eleic acid (DRA)—protein components of the chromo- 
somes. A widely held concept has attributed to these 
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components the ability of catalyzing enzyme processes » 


has assigned to them a principal role in the production yi 
In view of some recent work, however, ty — 


enzymes, 
question may be raised whether all action (or soy 


Vol. 104, No. 269) 1 





action) of DRA may not be in the nature of inhibitiy, 
enzyme processes, either qualitatively or quantitative, 
Among the recent work to which this might be applid} 
are the data by Avery and co-workers on the specif) 
transformation of bacterial types of DRA, the data 
Dickinson on the suppression of bacterial mutatin) 
through enzyme inhibitors, as well as the results of Lindel 
gren on yeast and Sonneborn on paramecium. Furthe! 
more, in vitro tests by Greenstein have actually deme} 
strated the ability of DRA to inhibit enzyme reactioy 
If the action of DRA in the chromosomes is totally y 
partly of an inhibiting nature, it implies that the ext, 
chromosomal material contains many more ultimately pq 
sible enzyme reactions than those actually realized duriy 
the development and life of an organism, since many ¢/ 
them would be blocked by the chromosomal constitueu| 
This block may or may not be a total one. The inhili) 


tion may be in some cases a quantitative one, delayiy- 


time and amount of action of a particular enzyme. | 
loss in DRA would result in the release of one or 10) 
additional enzymatic processes. This possibility ma) | 
realized in the well-known mutation due to chromosou) 
deficiencies. This concept would assign a much great 
importance to extrachromosomal constituents than bd 
hitherto been customary. Extrachromosomal constituen) 
as long as they remain stable, would limit the extent @ 
variation possible through changes in the chromoson! 
since the ultimately possible enzyme reactions would the’ 
retically be exhausted if none of them is blocked 
chromosomal constituents (microevolution). Hower} 
changes or extrachromosomal constituents may occur, bd 
far less frequently than changes of chromosomal const! 
uents. Such changes would then permit the realizati 
of completely different enzyme processes, dependent 
the extent of their quantitative or qualitative inhibitw 
by chromosomal constituents (macroevolution). ! 

Incidentally, the inhibiting-factor hypothesis is 
altogether a new concept. Bateson, for example, spe 
lated along these lines as early as 1913 (Problen 
genetics. Yale Univ. Press, esp. pp. 94-96). 


WERNER Brill 





Department of Veterinary Science 
University of California, Berkeley 


Meteor Crater, Arizona 

In December 1945 Nelson H. Darton restated to" 
Geological Society of America, and also to the Associat! 
of American Geographers, his belief that Meteor Cra! 
east of Flagstaff on the Arizona Plateau, is of vole 
rather than meteoritic origin. He cited a decision of 
U. S. Board on Geographic Names in which the 1 
Crater Mound was officially adopted, and he urged ® 
the use of the term Meteor Crater be discontinued. 5” 
notices of Mr. Darton’s views have been published 
Science News Letter and other nontechnical media 
seems timely to indicate that the majority of geolog! 





ail 
et 


pe 


Bhe 
ich 
en 

He i 


nd 


7 nd 
M 





é 


a 





} mcy 
@ der 
& po. 
im Pp 
S Th 
able 
leo 
r oul 
Ww rk, 
Made 
F btho 
BTh 


rill 


wore 





Mr th 
Ges t! 
mon, | 
tot: 
ePar 
G@r nin 
u P CO. 
duc 
atio 
8; 
ion 
8 ir 
wer ¢ 
eopt 
rid 
PS al 
Dject 


h2 








“68 





eS (| 
On «| 
, the 
som 
iting) 
ivel| 
plied} 
ECifK| 
ta bl 
tatin} 
And | 
irther} 
emo} 
ction 


lly 


LOSOMs 


oreaP 
ei Ue 


tent @ 
Oso 
ld the 
ked 

ower 


eur, bia 
t 
k 


const} 
Lizatio 
dent & 
hibitig 


d to® 
sociati 
r Cralt 
 yolea 
on of ¥ 
the ne 
rged tb 
d. Si 
lished 
media, 





veologs 


2 July, 1946 


stronomers, engineers, and others, who have studied the 
rater disagree with Mr. Darton and are convinced that 


Bio crater was made by the impact of a large meteorite. 


Mr. Darton appears to stake his opinion largely on the 
Bailure of exploration (by drilling and geophysical 
ethods) to reveal the presence of a buried meteorite 
Peneath the crater. He is perhaps not aware that in 1930 
‘ _R. Moulton showed that if a large meteorite did strike 
ie plateau, it must have developed at the point of impact 
wh a high temperature as to result not only in a tre- 
endous explosion but also in vaporization of the meteor- 
OF itself, along with part of the surrounding rock strata. 
Tider those cireumstances one could not expect now to 
y nd more than incidental fragments of the meteorite. 
’ Mr. Darton also seems to ignore the significance of the 
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unique composition of the parapet which surrounds the 
crater and the material which partially fills the cavity 
itself. He is perhaps unaware that underneath the sur- 
face rubble these consist largely of quartz powder and 
silica glass, derived from the underlying sandstone by 
pulverizing and melting. No materials of this kind have 
ever been found in association with volcanoes, and tem- 
peratures high enough to produce silica glass are probably 
rarely, if ever, attained in voleanic eruptions. 

It seems, therefore, that the current use of the name 
Meteor Crater is well justified, and the field evidence is 
heavily against the hypothesis of voleanie origin. 


ELIOT BLACKWELDER 
P. O. Box N, Stanford University, California 








Book Reviews 




















Encyclopédie entomologique. XXII: Les Coléoptéres des 
\ denrées alimentaires et des produits industriels entre- 
posés. P. Lepesme. Paris: Paul Lechevalier, 1944. 
Pp. 335. (Illustrated.) 350 fr. 

‘This is a compilation of information useful and valu- 
a le to the general worker and to those interested in 
@leopterous insects injurious to stored products. It 
bould also prove of interest to those in other fields of 
Work. However, a specialist may find his particular field 
Badequately treated and will probably disagree with the 
a thor on certain points. 

| The work is divided into two parts. Part I deals pri- 
Marily with the taxonomy and descriptions of certain 
ecies of 24 families, with keys to the families and to 
' species discussed. Common or 
an guages are given in addition to the scientific name. 
ie specific descriptions are too brief for general taxo- 
n mic purposes, but they are given in sufficient detail 
for the purpose of this paper. In the case of most spe- 
Hes the author has ineluded data on geographic distribu- 


names in one more 


2, biology and damage, life cycles, and natural enemies. 
& total of 214 figures illustrate Part I. 

)Part Il deals with theory and general information con- 
" ning the beetle population of stored products. In it 
are considered and discussed the environment of the food 
PRoducts, ineluding constant and variable factors; the 
ationship or bond between the insects and the prod- 
8; diet and the climatie factor; geographical distri- 
ion, broadly but briefly treated; life cycles and fac- 
8 influencing them; the relationship of insects with 


ber organisms; the theory of ‘‘vacant space’’ and the 


Copterous population of the food products; tropisms; 
ridization and variation; biological equilibrium; dam- 
5 and means of control. Because of the scope of each 
dject covered, it is obvious that only the essentials 


could be mentioned. It appears, therefore, that it was 
the desire of the author to expose the reader, however 
briefly, to some of the factors influencing insects and to 
some facts and information that should be known by the 
general worker for a clearer understanding of, and a 
better approach to, the control of insects infesting stored 
products. The section is illustrated with 19 figures, one 
of which is a diagram for a fumigator in which methyl 
bromide is employed. 

The paper is terminated with an extensive bibliography, 
an index to genera and species, an index of common 
names, and 10 plates of commendable photographs dem- 
onstrating the damage caused by various insects. Plates 
11 and 12 contain reproductions of photographs of in- 
stallations for the fumigation of the various products. 

If the purpose of the paper is correetly interpreted, it 
would have been greatly improved and made more prac- 
tical if, in some instances, more detailed information had 
been given for the individual species and not reserved 
for a general discussion of a closely related group of spe- 
This paper and the one by Hinton (1945) supple- 
ment each other. 


cies, 


BrYANT E. REES 
Bureau of Entomology and Plant Quarantine 
U. 8S. Department of Agriculture, Washington, D. C. 


A primer of electrocardiography. George Burch and 
Travis Winsor. Philadelphia: Lea and Febiger, 1945. 
Pp. 215. (Illustrated.) $3.50. 


The reviewer was disappointed in his hope that this 
book by Burch and Winsor might be the long-awaited 
book for medical students and those beginning the study 
of electrocardiography. It is timely and has much to 
recommend it, but it has many faults. 
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One thinks of a primer as a book with which to begin 
and as embodying the simplest ideas, with the notion 
of a gradual progression by means of other books into 
the more difficult phases of a subject. This is not the 
ease With this book. It deals with the most complex and 
theoretical sides of electrocardiography. Neither the 
medical student, who has not the time for this kind of 
background in electrocardiography—a rubric which must 
take up a small part of the total time spent in medicine 
in relation to the other branches of his courses—nor the 
physician, having only a clinical interest in electrocar- 
diograms, would be anything but hopelessly lost and 
discouraged by this introduction to electrocardiography. 
A title which would foretell its real contents would be 
more satisfactory and not misleading. 

There seems to be no occasion for, or purpose in, draw- 
ing out so laboriously diagrams of the time lines and 
lines for amplitude and diagrams of the galvanometer 
string movements, when actual electrocardiograms with 
the actual photographed lines could have been used and 
enlarged if it was thought contributory to the clearness 
of demonstrating time intervals, elevations of segments, 
ete. Certainly a reality would have been achieved which 
the diagrammatic fashion misses. Moreover, when the 
lines are not accurately drawn equidistant or parallel, 
one is very conscious of these defects. Moreover, from 
the point of view of reading and study, the drawing of 
time lines and voltage lines only immediately surrounding 
the movement of the galvanometer string is annoying, 
distracting, and highly artificial. 


The reviewer could not find anywhere in the book a 
reproduction showing what an electrocardiogram actually 
looks like when taken for clinical purposes. Anyone 
reading this primer as an introduction would come away 
with the idea of the cross lines being written only in the 


field surrounding the electrocardiogram string movement. 


Some of the diagrams indicating starlike explosions 
in the heart detract from the seriousness and depth of 
the rest of the book. 

The assets of the book must be considered in the light 
of the defects listed above. 

The introductory chapter on the theory of the electro- 
cardiogram is good, as are the text relating to the analy- 
sis of the waves of the electrocardiogram and over-all 
analysis of the electrocardiogram, and the chapter on 
precordial: chest leads. 

The data relating to myocardial infarction should be 
brought together in one section instead of being spread 
out in several parts; for instance, there are descriptions 
It does not seem 
wise however, to teach the idea of acute, subacute, and 


on page 94 and again on page 170. 


chronic myocardial infarction with the connotation of 
these words in medicine. 

The chapter on ‘‘ Disorders of the Heart Beat’’ is not 
very effective and leaves much to be desired for recom- 
mendation to medical students and physicians, 


The most useful function this book serves is to bring 
together in a compact way data relating to the mono- 






cardiogram, vector analysis, and ventricular gradiey; 
pointing up the work of Mann, Wilson, Ashman, qj; 
Bayley, and the earlier German work. The authors hay 
made a great effort to stress these investigations. Thy 
section is well done; at the moment, however, for Clinig: 
electrocardiography these analyses have not a great dy 
of usefulness, and their eventual clinical value is jy 
Accordingly, in Chapter V, ‘‘The Clini¢ 


i 


yet clear. 
Applications of the Electrocardiogram, 
overemphasized for the state of its importance at th 


this phase ; 


present time. 


On page 189, relating to the ‘‘ Diagnostic Value » 


the Electrocardiogram,’’ the authors speak of electy — 


sardiographers and clinicians. The reviewer hopes tly 
in medicine there will never be anyone who is ealled y 
‘‘electrocardiographer.’’ No one should read or inte: 
pret electrocardiograms who is not interested actively » 
clinical medicine and who is not a clinician, 

Much of the data in the Appendix has usefulne 
Carter’s chart for measuring the angle of the electric 
axis might have been included. A list of references 4) 
would have been a valuable addition to the book. 

This book is not for the beginner or for the medix 
student, but only for those who, having had an introii 
tion to electrocardiography by other means, wish to : 
further into the subject. 

HAROLD J. STEW:i 
The New York Hospital, 525 East 68th Street 
New York City 


The mosquitoes of New Jersey and their control. Thom 
J. Headlee. New Brunswick, N. J.: Rutgers Un 
Press, 1945. Pp. x +326. (lllustrated.) $4.00. 
This is an enlarged and revised edition of Bulletin :: 

of the New Jersey Agricultural Experiment Station, pu 

lished in 1921 under the same title and long a stand 
reference for mosquito workers of the United States. 
The present volume opens with three short chapters 
the ‘‘ Value of Mosquito Control,’’ ‘‘Structure, Clase 
cation, and Keys,’’ and ‘‘The New Jersey Mosq 
Fauna.’’ By far the largest section (200 pp.) is¢ 
titled ‘‘Mosquito Biology’’ and includes technical ‘ 
scriptions and illustrations of the adults and larvae of 
species found in New Jersey. As stated by the aut! 
the bulk of the material in this chapter has been tai 
directly from the 1904 report of John B. Smith, a no! 


pioneer in this field. His report has been out of p! 


for many years, and jts reproduction in this manner is\ 7 
It would seem, however, ! 7 
briefer summaries of the pertinent facts, now well es! 7 


undoubted historical value. 


lished, would fill present-day needs better than the det# 
of the original observations and experiments. Very lit 
new information has been added, except for records 
light-trap collections from 1932 to 1941, and one » 
look in vain in most cases for an account of the pres 


status of the different species or information that? 7 


been accumulated during the intervening 40 years. ! 
letin 348 and other publications must be referred to’ 
information of this nature. There is evidence that' 
chapter has not been read critically with respect eit 
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Bringing the information up to date. 


i New Jersey for 30 years or more. 


Breat value. 
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» certain details of bionomics and morphology or to 
For example, after 
iving Dr. Smith ’s observations on the hatching of salt- 
arsh mosquito eggs, no reference is made to more recent 
+ coveries of the factors that influence hatching. Taxo- 
ymie characters of more value than those provided are 
equently omitted, and the subject matter on the dif- 
prent species is somewhat unevenly presented. 


In a short chapter (18 pp.) on ‘‘The Principles and 


\etailed Procedure of Mosquito Control,’’ the author 


immarizes, all to briefly, the subject on which he can 


Beak with the greatest authority, having led the work 


His nine basic 
inciples and his opinions on salt-marsh ditching are of 
A short chapter on ‘‘Larvicides’’ is de- 
pted chiefly to pyrethrum extract emulsion, as devel- 
ped in New Jersey, and its use in the protection of out- 
yor gatherings against adult mosquitoes. Petroleum 
ls and iron or copper sulphate are the only other mate- 


als mentioned. No consideration is given to recent 


Wevelopments in the use of DDT. 


Phe economie effect of mosquito reduction. 


| The remaining chapters cover the subjects of environ- 


ent, history of mosquito control in New Jersey, mos- 


Muito repellents, laws relating to mosquito control, and 


There is a 


> 


Mort bibliography of 30 titles, most of which are of 


@arly work. 


While the volume is local in content and little attention 
given to methods employed or work done elsewhere, 


fhere is considerable material of general interest. 


WILLARD V. KING 


] .O. Box 8391, Orlando, Florida 


Fable of arc sin x and Tables of associated Legendre 


functions. Lyman J. Briggs, Arnold N. Lowan, e¢ al. 
(Prepared by the Mathematical Tables Project, con- 
ducted under the sponsorship of the National Bureau of 
Standards.) New York: Columbia Univ. Press, 1945. 
Pp. xix + 121; xlvi + 306. $3.50; $5.00. 


These are two further weleome volumes of the series 


Prepared under the auspices of the WPA of New York 


ity and the OSRD. 

The first of these volumes tabulates are sin x to 12 
cimal places, for values of the argument differing by 
0001, and to permit interpolation, tabulates also second 


@ ferences; for x near unity this plan is somewhat modi- 


d to insure more accurate interpolation. Auxiliary 
tbles are provided for convenience in the use of the 
Dlume with interpolation. 

The second of these volumes tabulates the functions 
»' (xX), Q,™ (x), and their first derivatives, for inte- 
al and half-integral values of n, integral values of m, 
d real and pure imaginary values of x, and also tabu- 
tes the funetions P,™ (cos @) and their first derivatives 
br integral values of n and m. In the main, tabulations 
® to six significant figures, for 1<n<10, 0<m<4, 
hl 1<x<10. Tabulation of the derivatives mentioned 
especially noteworthy, having been largely neglected 
previous tables. 

The present volumes are highly useful tools in the cur- 
nt development of mathematics in the direction of nu- 
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merical computation and physical application. The spon- 
sor, Dr. Briggs, and the director, Dr. Lowan, are again 
to be congratulated on their planning, preparation, and 
publication. 

J. L. WALSH 


Department of Mathematics, Harvard University 


The university at the crossroads. Henry E. Sigerist. 
New York: Henry Schuman, 1946. Pp. viii + 162. 
$2.75. 

It is much the fashion these days to write about uni- 
versity education. Many more people are interested, 
since many more people are concerned than was the case 
even a few years ago. In addition, the fvror over the 
peculiar Thomistic revival at Chicago has excited much 
argument over the purposes and methods of university 
education. 

Dr. Sigerist has been disturbed by the impact of the 
current cultural revolution, as exemplified by the war, on 
university, and particularly on medical, education. The 
title essay of the 12 ineluded in this small volume was 
written in 1944 for the Bulletin of the History of Medi- 
first 
printed. ‘<The 
Social Sciences in the Medical School,’’ are published for 


cine, in which eight others of the essays were 


Two, ‘‘Failure of a Generation’’ and 
the first time in this volume. 

A collection of essays of this sort is bound to be un- 
even, but all illustrate well Dr. Sigerist’s crusading spirit. 
While there is a strong pessimistic tone to most of the 
essays, it is applied chiefly against the quite well-known 
defects of current university education in the United 
States. Dr. Sigerist seems to think that all will be well 
if university professors and university-trained people will 
take a more active part in governmental and social affairs. 

Much interesting autobiographical material is offered 
in the essay entitled ‘‘ University Education,’’ delivered 
In this address, Dr. Sigerist 
He also indicates 


in 1939 at Johannesburg. 
reveals his interest and his prejudices. 
the various men and circumstances which have so pro- 
foundly influenced him. 

Five of the 12 essays deal with medical educational 
problems, but in a manner illustrating the way by which 
medical education may be correlated with a general eul- 
tural training. Dr. Sigerist pleads vigorously for an ap- 
preciation of the classic contributions on which our c¢ul- 
ture rests and urges an extension of research into their 
social and cultural applications. 

As director of the Institute for the History of Medi- 
cine at The Johns Hopkins University, Dr. Sigerist is in 
a strategie position to influence cultural trends, particu- 
larly with reference to one of the great professions. 
He need not be disappointed at the relatively slow ac- 
ceptance of his ideas and proposals. On the contrary, 
he may take much satisfaction in his own stimulating 
contributions and in the solid achievements of his many 
pupils. He is himself exemplifying the reasonable sort 
of a path which the university may profitably take when 
it finds itself at a crossroads. 

CHAUNCEY D. LEAKE 
University of Texas Medical Branch, Galveston 
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York: Henry Holt, 1946. Pp. ix+163. $2.30 with 
tables; $2.00 without tables. 
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(Transvaal Museum Mem. No. 2.) Pretoria, Union of 
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BuRKET, LESTER W. Oral medicine. Philadelphia: Lip- 
pincott, 1946. Pp. 674. (Illustrated.) $12.00. 
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Pp. 45. $1.50. 
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Handb. No. 14.) New York: American Museum of 
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COMMITTEE FOR THE CALCULATION OF MATHEMATICAL 
TABLES. Mathematical tables. Vol. I: Circular ¢ 
hyperbolic functions, exponential & sine g§ cosine in- 
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ed.) New York-London: Harper, 1946. Pp. vii+ 500. 
(Illustrated.) $4.50. 

EDELSTEIN, EMMA J. and LUDWIG. 
tion and interpretation of the testimonies. Baltimore: 

Vol. I: Pp. xvii+ 470; 


Asclepius: a collec- 


Johns Hopkins Press, 1945. 
Vol. II: Pp. x+277. $7.50. 
Ectorr, Gustav. Physical constants of hydrocarbons. 
New York: Reinhold, 1946. Pp. xiii+661.  (Illus- 
trated.) $15.00. 
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carbon compounds. 
lishing Co., 1946. 

FISHBEIN, MorkRIs. 
Garden City, N. Y.: Doubleday. 
trated.) $4.95. 

GREENHILL, J. P. 1945 year book of obstetrics and 
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HELDMAN, JuLiIus D. Techniques of glass manipulation 
in scientific research. New York: Prentice-Hall, 1946. 
Pp. xii+132. (Illustrated.) $3.60. 


(Comp.) Encyclopedia of hydro- 
Brooklyn, N. Y.: Chemical Pub- 
$15.00. 
The popular medical encyclopedia. 
Pp. 540. (Illus- 
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Hoare, W. E., and Hepces, E, 8. Tinplate. New Youf. : 


Longmans, 1946. Pp. 300. 
HouMes, Harry N. 
(4th ed.) New York: Macmillan, 1946. Pp. x45 
(Illustrated.) $3.75. 
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York: W. W. Norton, 1946. Pp. 278. 
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burns. Springfield, Ill.: C. C. Thomas, 1946. 
(Illustrated.) $10.00. 
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xvi+917. $11.00. | 
PIEMEISEL, R. L. Natural replacement of weed host; 
the beet leafhopper as affected by rodents. (U,\ 
Dept. of Agric., Cire. No. 739.) Washington, D. ( 
Government Printing Office, 1945. Pp. 48. (Illi 
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PIWOWARSKY, EUGEN. 
Eigenschaften und die physikalische Metallurgie sei 
Herstellung. Ann Arbor, Mich.: J. W. Edwards, 1% 
Pp. 1014. (Illustrated.) $28.50. : 
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189. (Illustrated.) $4.00. 
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metabolism: correlation of physiological, biochemi' 
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1946. Pp. viii+315. (Illustrated.) $6.00. 
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Y.: Chemical Publishing Co., 1946. Pp. 175. $8" 
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‘2nd ed.) (Wissenschaft, Vol. 93.) Ann Arie’ 
Mich.: J. W. Edwards, 1946. Pp. 243. (Illustratel, 
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